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ABSTRACT
Chemical analyses of glass inclusions and their host
crystals in low potassium tholeiites dredged from near the
Indian Ocean Triple Junction were made using an electron
microprobe. Evidence for magma mixing involving primitive
liquids is indicated through textural and chemical data, and
the composition for one such liquid calculated. Data were
plotted on Al2 0 -CaO-MgO and Na20+ K20-FeO-MgO diagrams,
and on TiO2 vs Ag' plots. Equilibrium relationships
between crystals and matrix glasses were determined by the
methods of Leeman and Scheid gger (1977) for olivine, and
of Drake (1976) for plagioclase. The samples from the two
stations were determined to have undergone separate and
distinct histories of combined fractionation and magma
mixing. Concentrations of K, Rb, Cs, Ba, and Sr were
determined by isotope dilution for the matrix glasses, and
87Sr/ 86Sr ratios of 0.70320 and 0.70323 were determined for
Stations 12 and 15 respectively, and are compatible with
other ratios reported for the triple junction area.
Thesis Supervisor: Frederick A. Frey
Title: Associate Professor
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INTRODUCTION
Glass inclusions occur in phenocrysts in several
basalts from mid-ocean ridges in the North and South
Atlantic, and in the Indian Ocean. Donaldson and Brown
(1977) examined glass inclusions in chrome-spinels in
picrites recovered on DSDP Leg 37 in the North Atlantic
Ocean, Rhodes et al (1979) studied inclusions in olivine
and plagioclase from basalts drilled at sites 395 and 396
of DSDP Legs 45 and 46 near 22*N on the Mid-Atlantic Ridge,
and Watson (1976) has worked with glass inclusions in
olivine, plagioclase, and clinopyroxene phenocrysts in
tholeiites dredged from near Bouvet Island in the South
Atlantic. The results of these studies have indicated that
entrapped melt represented by the glasses may be evidence
of primitive liquids that have interacted through probably
complex episodes of mixing and fractionation with the magmas
supplying the spreading ridges.
Glass inclusions are also found in olivine and
plagioclase phenocrysts in tholeiitic basalts dredged from
the Central Indian Ridge very near the Indian Ocean Triple
Junction. These inclusions, their host crystals, and the
glassy rims of basalt fragments from two stations were the
subject of study to determine if these inclusions also
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represent a primitive liquid, and if chemical and
petrologic data from the phenocrysts and matrix glass
could provide the necessary evidence to support magma
mixing as an important and viable process beneath the Mid-
Indian Ocean Spreading Ridge.
A number of studies of the major and trace elements of
the ridges and islands in the Indian Ocean have been made.
Hekinian (1968) made the first sub-surface studies of
Indian Ocean rocks by piston-coring along the Mid-Indian
Ocean Ridge. That work showed that different petrologic
provinces existed, particularly pointing out a distinct
contrast between the basalts of the Carlsberg Ridge and
those of the central and southeastern branches of the Mid-
Indian Ridge, and also between the ocean floor basalts and
those of the volcanic islands. Engel and Fisher (1975)
summarize five expeditions, including 56 dredge hauls, and
describe a regional plutonic complex of granitic to
ultramafic rocks underlying the young basalt flows, as
exposed in several of the large fracture zones offsetting
the ridge. Frey et al (1977) summarize the petrology and
major and trace element chemistry of 13 sites from DSDP
drilling in the Eastern Indian Ocean. The major element
chemistry of some of these DSDP basalts are also listed by
Melson et al (1976).
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Strontium isotopic work has been done by Peterman and
Hedge (1971) and Hedge et al (1973)- on islands in the
Indian Ocean, by Hart (1971) on the Carlsberg Ridge, and by
Subbarao and Hedge (1973), Subbarao et al (1977), and Hedge
et al (1979) on the Central Indian and Ninety-east ridges.
Samples for this study were recovered on Leg 6,
Cruise 93 of the R/V ATLANTIS II of the Woods Hole
Oceanographic Institution. The cruise departed from Port
Louis, Mauritius on 12 March 1976, and returned there
4 April 1976. The rocks used herein were dredged at
Station 12 on the Central Indian Ridge near the triple
junction, and Station 15 in the median valley of the
Southeast Branch of the triple junction. Dredge locations
are listed in Table 1, and shown on Figure 1. Major
element chemistry of the inclusions, phenocrysts, and
matrix glass was determined by electron microprobe, and K,
Rb, Cs, Ba, and Sr concentrations of the matrix glasses
were determined by isotope dilution on the mass spectro-
meter.
TABLE 1
Station Locations, R/V ATLANTIS II-93-Leg 6 (Hoskin et al, 1977)
Station No. Physiographic Location Latitude Longitude
12-Dredge Central Indian Ridge Start: 25040.54'S 700 02.74'E
near Triple Junction End: 25*41.26'S 700 00.29'E
15-Dredge Median Valley, Start: 25 0 46.8'S 700 11.0'E
Southeast Branch of End: 25044.7'S 70011.4'E
Indian Ocean
Triple Junction
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SAMPLE DESCRIPTIONS
Two samples each were chosen from dredge hauls at
Stations 12 and 15 because they exhibited well-developed
glassy margins and contained large phenocrysts. Thin
sections were made of the glassy selvage of each of the
four rocks, and portions were crushed and hand-picked to
make grain mounts for microprobing (see Appendix 2).
Samples from each dredge haul were numbered randomly, so the
last number of the sample number only signifies that they
were different rocks from the same dredge haul. Hand
specimen and thin section descriptions follow below.
Station 12
Sample AII-93-12-7
In hand specimen, this is a black, very fine-grained
basalt with a friable glassy margin just under 1 cm thick.
The interior of the specimen is fresh, with an oxide
coating on the surface of the glass and along a few
fractures. Both the crystalline and glassy portions are
slightly vesicular, and appear to contain approximately 5%
phenocrysts. The crystals, white plagioclase, range in size
from needles 1 mm long to well-developed crystals of nearly
1 cm in length.
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In thin section, plagioclase and olivine crystals
comprise 10% of the rock, and are set in a greenish-brown
glass. The glass is slightly vesicular, unaltered, and
partly devitrified, which is believed to be a function of
cutting the thin section across the glass margin into the
crystalline interior, rather than of actual deterioration.
Plagioclase is the dominant phenocryst phase, occurring
as both large and intermediate size crystals (1-9 mm) in hand
specimen, and as fine needles throughout the glass. Although
there is considerable range in size of the phenocrysts, they
seem to be separated into three groups. The largest crystals
(0.5-2.3 mm) in thin section tend to have a slightly different
composition plagioclase as a rim, and have rounded, usually
unzoned cores. Most crystals are euhedral, but some show
embayment and other signs of resorption along crystal planes.
One crystal in particular from this slide is completely
rounded, with a shroud of very fine crystals and devitrified
glass around its unrimmed margin. Most of the large
plagioclases contain concentrations of glass inclusions in
the central parts of the crystals.
Glass inclusions are here defined as rounded glass
globules, some with negative crystal aspects, variable in
size (up to about 0.1 mm as the largest in these samples),
and usually containing a vapor bubble. They tend to be very
-11 -
regular in shape and in distribution along crystallographic
directions, particularly in plagioclase. Generally, they
are concentrated near the central part of the crystal, but
may continue out to the margins. Glass inclusions should
not be confused with pockets of glass resulting from
resorption, which tend to be irregular in shape, or long
planar features along crystallographic directions. Glass
from resorption may occur anywhere within the crystal, and
in most cases is easily distinguishable from actual glass
inclusions.
The intermediate size crystals range from 0.17 to
0.4 mm, and are all euhedral. Most exhibit some slight
zoning, either cyclic or continuous. Some contain glass
inclusions, but not in the abundance or regularity seen in
the larger crystals. These plagioclases generally show no
evidence of resorption or rimming by a different composition
of plagioclase.
The smallest crystals, less than 0.17 mm, are all
euhedral, long, thin, unzoned laths. They contain no
glass inclusions, and may occur singly or in clusters.
The olivines in this sample are all very small, less
than 0.15 mm. No large olivine phenocrysts occur in this
sample, and most are euhedral, though occasional skeletal crystals
are seen. They are all typically unzoned and unrimmed,
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and are frequently intergrown with small plagioclase laths
or other olivines. Frequently they contain a single tiny
glass inclusion, and rarely may contain up to five
inclusions. Glass inclusions in olivines seldom contain a
vapor bubble, and tend to be randomly distributed rather
than clearly crystallographically controlled as in the
plagioclases.
Sample AII-93-12-16
In hand specimen, Sample 12-16 is the same as 12-7; a
black, very fine-grained, slightly vesicular basalt with a
glassy margin. It contains about 5% phenocrysts, comprised
predominantly of white plagioclase, ranging in size from
1 mm to nearly 1 cm.
In thin section, plagioclase and olivine crystals
comprise 7% of the rock, and are set in clear, unaltered,
slightly vesicular, greenish-brown glass. Plagioclase, as
in Sample 12-7, is the dominant crystal phase, occurring
again in three size groups. The large (0.33- 3.3 mm) and
intermediate (0.16- 0.30 mm) sizes are less easily
distinguished than in 12-7, as many of both exhibit slight
zoning, in both cyclic and continuous forms. They are all
generally euhedral, and several show signs of resorption,
such as embayment and irregular pockets of glass in the
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interiors of the crystals. None of the large plagioclases
in this sample show the same compositional rimming as seen
in Sample 12-7. Glass inclusions occur in a smaller
percentage of the large and intermediate sized plagioclases
than as seen in 12-7, but again they are concentrated in
the central areas of the crystals when they do occur.
The small laths (<0.16 mm) are unzoned and occur singly
or in clusters. They do not contain any glass inclusions.
Olivines in this sample occur as large (up to 1.3 mm)
phenocrysts intergrown with each other or with large
plagioclases, and also as very small (<0.16 mm) single
crystals or clusters in the glass. They are typically
unzoned, and rarely twinned. The largest olivines are
inclusion free, but the smaller olivines may contain from
one to five glass inclusions randomly distributed within
the crystal.
One brownish euhedral spinel crystal occurs as an
inclusion in plagioclase in this slide. It is glass
inclusion free.
Station 15
Sample AII-93-15-1
In hand specimen, this is a fresh, very fine-grained
black vesicular basalt, similar to the samples from
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Station 12. It has a glassy margin roughly 1.5 cm thick,
which has an oxide coating. It appears to contain 3-5%
white plagioclase phenocrysts, ranging in size up to
0.75 cm in length.
In thin section, the glassy selvage contains 5-7%
crystals comprised of approximately equal proportions of
plagioclase and olivine. The crystals are set in a fresh,
vesicular, greenish-brown glass.
Plagioclase in this sample also has three size groups,
with large crystals from 0.2 to 0.9 mm, intermediate
crystals from 0.05 to 0.10 mm, and small crystals less than
0.05 mm. Both intermediate and large crystals occur zoned,
unzoned, rimmed, and unrimmed with no apparent relation to
size. They are all euhedral, and occur singly or intergrown
with each other. Very few of either the large or
intermediate size plagioclases contain glass inclusions, and
the inclusions that are present are much less abundant in
these plagioclases than in those of Station 12.
The small crystals are unzoned, occur singly or in
clusters, and contain no glass inclusions. An interesting
feature seen in this slide is that several of these thin
small plagioclase needles are slightly curved, possibly
suggesting some stress exerted on them during or after
growth.
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Olivines in this slide occur both as very small
crystals (less than 0.05 mm), and as larger phenocrysts
(up to 0.88 mm). They are sometimes euhedral, but
frequently are rounded and embayed, and commonly the
olivines of this sample are rimmed with a slightly different
composition olivine. In this sample, the olivines are the
major glass inclusion bearing phase. Most contain at least a
single glass inclusion, with the larger crystals frequently
containing several. Olivines occur singly or intergrown
with each other or small plagioclase laths.
A single brownish spinel occurs alone in this slide.
Sample AII-93-15-3
In hand specimen, this sample is slightly different in
that it is wholly glass; there is no crystalline interior.
This sample appears to be a frozen section of lava pouring
into open water, and has a ropy, pahoehoe-type exterior.
The friable glass has an oxide coating, but the interior
is a very fresh, black vesicular glass. It contains 3-5%
white plagioclase phenocrysts ranging in size up to 0.5 cm.
In thin section, the vesicular, greenish-brown glass
contains 10% crystals comprised of approximately equal
proportions of olivine and plagioclase. Plagioclase again
has three size groups, with the intermediate and large
-16-
crystals occasionally exhibiting either cyclic or
continuous zoning. Crystals are generally euhedral, but
some are partially resorbed. In the intermediate size
range, a number of long thin laths show skeletal growth.
Glass inclusions are abundant in the large and intermediate
sized crystals.
The small needles are unzoned and do not contain glass
inclusions. Again, as in 15-1, this slide is interesting
because a number of the plagioclase needles and long, thin
laths are curved, again possibly indicating stress during
or after growth.
Olivines in this sample occur both as small (<0.05 mm)
and large (up to 0.5 mm) crystals. The olivines exhibit
rims of a slightly different composition olivine, skeletal
growth, embayment, occasional rounding, and some exhibit
euhedral growth. Most contain glass inclusions, either
singly or up to about five inclusions per crystal.
In summary, the two dredge hauls are similar in that
(1) both have well developed glassy margins of unaltered,
vesicular,.greenish-brown glass; (2) both show different size
populations in the phenocrysts; (3) both have olivine
and plagioclase as phenocryst phases; and (4) both olivine
and plagioclase from each dredge contain glass inclusions.
They are dissimilar in that (1) plagioclase is the
-17-
major inclusion bearing phase from Station 12, whereas
olivine is equally as important if not more so at
Station 15; (2) olivines from Station 12 show no rimming by
another composition olivine, whereas those from Station 15
do, as well as rounding and embayment; (3) some plagioclase
laths from Station 15 are gently curved, indicating stress
during or after growth.
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MASS SPECTROMETRY
Strontium isotopic data for basalts of the Indian
Ocean are fairly scarce, with ratios for one basalt on the
Carlsberg Ridge (Hart, 1971; Subbarao et al, 1977), eleven
basalts along the Mid-Indian Ocean Ridge, particularly
concentrated around the triple junction (Subbarao and Hedge,
1973; Hedge et al, 1979), and two on the Ninety-east Ridge
(Subbarao et al, 1977). The value of 87Sr/ 86Sr for the
above studies has a wide range, from 0.7028 for the
Carlsberg Ridge sample, to 0.7050 for an altered pyroxene
basalt along the Ninety-east Ridge. The majority of values,
however, clustered at the triple junction, average around
0.7032.
In this study, analyses for the concentrations of Ba,
K, Rb, Cs, and Sr were done by isotope dilution on 50 mg
of crushed, hand-picked matrix glass from each of the four
samples (see Appendix 1 for details of mass spectrometer
techniques, sample preparation, and error analysis). These
values and 87Sr/ 86Sr, Rb/Sr, and K/Rb ratios are given in
Table 2, along with data from other authors for comparison.
Figure 2 shows the locations of these samples as well as for
those listed in Table 2, and Figure 3 plots the Sr/ 86Sr
values for each site.
TABLE 2
Ba, K, Rb, Cs, Sr Concentrations, and 87Sr/ 86Sr, Rb/Sr, and K/Rb Ratios for
Matrix Glasses (this study), and Other Samples from the Indian Ocean
Sample No. Ba (ppm) K (ppm) K(%) Rb (ppm) Cs (ppm) Sr (ppm) 87Sr/ 86Sr Rb/Sr K/Rb
12-7a 15.20 900.131 0.132 1.27 0.015 124.5 0.70319 0.010 708.75
±0.15 ±36.00 ±0.001 ±0.01 ±0.001 ±1.2 ±0.00010
12-16 15.65 925.45 0.122 1.30 --- 124.7 0.70322 0.010 714.00
±0.16 3700 ±0.001 ±0.01 ±1.2 ±0.00006
15-1 14.02 765.14 0.112 1.07 0.017 132.6 0.70317 0.008 712.11
±0.14 ±30.611 ±0.001 ±0.01 ±0.001 ±1.3 ±0.00008
15-3 13.65 762.34 0.10 1.07 0.022 134.7 0.70329 0.008 710.04
±0.14 ±30.49 ±0.001 ±0.01 ±0.001 ±1.3 ±0.00007
ANTPl31-2 900 0.54 118 0.70298 0.005
CIRCE 104 1200 1.53 96.3 0.70342 0.016
CIRCE 107 1200 1.29 159 0.70304 0.008
CIRCE 93-4 1700 2.47 126 0.70298 0.020
CIRCE 94-2 2000 2.71 111 0.70294 0.024
214-53-lc 2400 3.55 0.630 220 0.7050 0.016 670
215-18-1 6900 26.80 0.416 390 0.70477 0.067 256
IO-10d 0.182 2.44 144 0.7033 0.017 748
10-14 0.191 2.39 179 0.7043 0.013 797
10-33 0.141 1.38 110 0.7032 0.012 1022
10-35 0.257 3.37 136 0.7033 0.024 763
10-37 0.232 2.36 142 0.7032 0.016 985
10-38 0.232 2.51 137 0.7035 0.018 926
MAR slowe 7.8 1260 1.16 0.018 140 0.70277 0.0083 1080
EPR fast 13.2 1060 1.06 0.015 131 0.70248 0.0081 1040
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Notes for Table 2:
Concentration determined by isotope dilution
2 Concentration determined by electron microprobe
a this study
b Hedge et al, 1979
c Subbarao et al, 1977
d Subbarao and Hedge, 1973
e Hart, 1971
INDIAN OCEAN
Figure 2: Sample locations for this study and locations for which 8 7 Sr/8 6Sr
have been previously determined. Base map from Subbarao et al (1977).
- 12, 15 (this study) + ANrP 131-2, CIRCE 93-4, CIRCE 94-2, CIRCE 104,
CIRCE 107 (Hedge et al, 1979; Engel and Fisher, 1975)
o 214, 215 (Subbarao et al, 1977) *I0-10, 10-14, 10-33, 10-35, 10-37,
IO-38 (Subbarao and Hedge, 1973; Subbarao et al, 1977)
0 9 (Hart, 1971; Subbarao et al, 1977)
Figure 3: Sr/ 86Sr values plotted at location. Base map from Subbarao et al, 1977.
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These samples are low in potassium and rubidium
compared to most other Indian Ocean samples, but the
strontium content fits in the wide range exhibited by other
samples. Rubidium, cesium, and strontium contents for
these rocks are very similar to those for normal mid-ocean
ridge averages (Hart, 1971), potassium runs low, and
barium is higher.
The 87Sr/ 86Sr values determined in this study fit in
well with those previously measured for the triple junction
area, averaging 0.70320 for Station 12, and 0.70323 for
Station 15.
It seems apparent from Figure 3 that there is a
general correlation of the 87Sr/ 86Sr ratio with location.
The values reported by Hedge et al (1979) along the
northern branch of the Central Indian Ridge, and the value
for the Carlsberg Ridge (Hart, 1971; Subbarao et al, 1977)
are slightly lower (averaging 0.70291) than those clustered
at the triple junction (average 0.70325). One anomolous
value to this trend is Sample CIRCE 104 (Hedge et al, 1979).
The sample is said to be fresh looking, with a low water
content and a low percentage of oxidized iron, and the ratio
is so believed to be a primary value. CIRCE 107, also
analysed by Hedge et al (1979), is slightly lower than the
values surrounding it at the triple junction, comparing
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0.70304 to the average of 0.70325. Other samples more like
the average occur on either side of it, and so it is not
clear why that value is lower. Half of the samples studied
by Subbarao and Hedge are slightly altered, but the
87Sr/ 86Sr values do not show much variation dependent on
altered and unaltered samples. The high value reported
by them, for Sample 10-14, with 87Sr/ 86Sr= 0.7043, was from
a submarine hill off the Eastern Branch of the Ridge, and
actually, as a fairly fresh sample, compares better with
Indian Ocean island values (average 0.7040) as reported by
Hedge et al (1973) than with the ridge values. The samples
analysed from the aseismic Ninety-east Ridge (Subbarao
et al, 1977) are both altered, which may be at least in
part why the 87Sr/ 86Sr values are so high.
Although there does appear to be a general trend of
lower 87Sr/ 86Sr values along the ridge crest away from the
triple junction, and high values at the triple junction,
there is insufficient evidence to make a positive
correlation to that end. More data along the two southern
branches in particular is needed to see if the apparent
correlation is real.
The values determined here support the general
87 86
conclusion that Indian Ocean Ridge Sr/8 Sr values are
higher than average values reported for the Mid-Atlantic
-25-
Ridge ( 87Sr/ 86Sr = 0.7028) and East Pacific Rise (0.7026)
(Hart, 1971; Subbarao et al, 1977).
It is interesting to note that a similar occurrence
of high 87Sr/ 86Sr values associated with a triple junction
are evidenced near Bouvet Island in the South Atlantic
(Dickey et al, 1977). Basalts from four stations around
the triple junction and Bouvet Island were analysed,
yielding 87Sr/ 86Sr ratios of 0.70321 to 0.70333. A basalt
from the Scotia Branch appears to be a typical mid-ocean
ridge basalt with an 87Sr/ 86Sr value of 0.70281. Another
from alongside Bouvet Island and believed to be related
to it, has a high value of 0.70372, similar to values
reported for Bouvet Island itself. These high values for
the Bouvet Triple Junction area are attributed to the
possible presence of a plume or some form of mantle
upwelling beneath the triple junction, and causing
anomalous chemical compositions near it, but at present
there is insufficient evidence to strongly support it.
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MICROPROBE ANALYSES
Microprobe analyses were done on glass from the
quenched rims of the basalt fragments (here referred to as
matrix glass), on olivine and plagioclase phenocrysts in the
glass, and on glass inclusions in both types of phenocryst.
Both polished thin sections and grain mounts of the four
samples were used. Details of sample preparation and
microprobe techniques are discussed in Appendix 2.
Matrix Glasses
The chilled, unaltered glass rim of the basalt fragments
(matrix glass) is considered to be representative of the
liquid composition at the time of eruption, and so was used
in the calculation of the equilibrium phenocryst assemblage.
Two samples from each station were used, and their
compositions averaged to give a single value for the
matrix glass composition at each station. The values for
major elements and CIPW norms for each sample and their
averages are shown in Table 3. It can be seen that the two
are similar, low-potassium olivine tholeiites, but show
differences outside the tolerance limits (as described by
Melson et al, 1976) for TiO 2 ' FeO* (total iron) and CaO.
Since the samples from Station 15 have a higher Mg/Fe* ratio,
TABLE 3
Compositions (wt%) and CIPW Norms**
of Matrix Glasses
Sample # 12-7 12-16 Average (±la) 15-1 15-3 Average (±la)
Oxide
Si 2
TiO
2
Al2 03
FeO*
MgO
MnO
CaO
Na2 0
K20
TOTAL
Mg/Fe*
Mg' ***
51.79
1.58
15.25
9.67
7.14
0.18
11.12
2.91
0.13
99.65
0.75
0.60
51.69
1.46
15.53
9.50
7.32
0.17
11.31
2.89
0.12
99.99
0.77
0.60
51.73
1.51
15.36
9.59
7.26
0.18
11.22
2.90
0.12
99.83
0.76
0.60
(0.30)
(0.07)
(0.25)
(0.17)
(0.15)
(0.02)
(0.13)
(0.12)
(0.02)
52.03
1.13
15.99
8.27
7.80
0.16
11.86
2.79
0.11
100.14
0.94
0.65
51.45
1.08
15.99
8.29
7.99
0.15
11.99
2.76
0.10
99.80
0.96
0.66
51.73
1.11
15.99
8.28
7.90
0.16
11.92
2.78
0.11
99.98
0.95
0.66
(0.42)
(0.04)
(0.12)
(0.09)
(0.12)
(0.02)
(0.11)
(0.08)
(0.01)
Normative
Mineral
Or
Ab
An
Di
Hy
01
Ilm
Mt
TOTAL
0.77
24.62
28.17
22.10
19.30
0.40
3.00
1.41
99.77
0.71
24.46
29.05
22.13
17.56
1.95
2.77
1.38
100.01
0.71
24.54
28.54
22.18
18.35
1.29
2.87
1.39
99.87
0.65
23.61
30.78
22.82
16.81
2.12
2.15
1.20
100.14
0.59
23.35
30.95
23.19
14.02
4.44
2.05
1.20
99.79
0.65
23.52
30.83
23.02
15.23
3.42
2.11
1.20
99.98
0.1
* All Fe as FeO
** Calculated assuming Fe20 /FeO* = 0.1
*** Molar ratio: Mg/Mg + Fe 2 assuming Fe203/FeO*
-28-
higher CaO content, and lower TiO2 content than the samples
from Station 12, it suggests a liquid that has been less
fractionated than that erupted at Station 12.
Table 4 shows compositions for other basalts in the
Indian Ocean. There is considerable variation between
the averages given even before comparison to these basalts,
and individual analyses included in the averages may match
more effectively. Hekinian (1968) lists three averages
(two from different authors) for the Mid Indian Ocean Ridge,
which show generally lower SiO 2, slightly higher Al203 '
and higher K20 than the samples studied here. Engel and
Fisher (1975) give an average that includes five basalts
from the Central Indian Ridge, and two from the Southeast
Branch. This average compares well, but still SiO2 is low
and Al203 is a little high for Station 12. Melson et al
(1976) also prepared an average for spreading centers in the
Indian Ocean based primarily on DSDP samples. Only two
samples lie on the Central Indian Ridge, three are from the
Carlsberg Ridge, and the rest are from the Ninety-east
Ridge and Southeastern Indian Ocean. Their average has a
higher FeO* content and lower Na2 0 content than the basalts
analysed in this study. In any case, it is clear that the
basalts analysed here are generally similar to other basalts
occurring in the Indian Ocean.
TABLE 4
Average Composition (wt%) of Basalts from the Indian Ocean Ridges
[1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11]
N 6 7 3 7 4 6 12 51 20 18 101
SiO 2  48.17 49.78 49.27 50.23 50.24 49.18 50.93 50.68 50.31 50.06 50.53
TiO 2  1.63 1.23 1.87 1.23 1.82 1.76 1.19 1.49 1.61 1.95 1.56
Al 2 03  16.67 17.43 15.38 16.46 14.87 15.60 15.15 15.60 14.95 14.76 15.27
Fe2 03 3.55 2.35 2.81 1.32 3.45 2.71 --- --- --- --- ---
FeO 7.46 5.86 7.20 7.31 6.20 7.39 10.32* 9.85* 10.71* 12.03* 10.46
MgO 6.39 7.09 8.27 7.95 7.10 7.87 7.69 7.69 7.36 6.81 7.47
MnO 0.16 0.15 0.24 0.16 0.16 0.21 --- --- --- --- ---
CaO 11.74 11.56 10.78 11.48 9.07 11.84 11.84 11.44 11.73 11.12 11.49
Na 2 0 2.93 2.90 2.75 2.73 3.75 3.68 2.32 2.66 2.60 2.72 2.62
K 20 0.31 0.19 0.64 0.16 0.11 0.14 0.14 0.17 0.11 0.21 0.16
P2 0 0.19 0.09 -- 0.11 0.19 0.09 0.10 0.12 0.12 0.16 0.13
H20 0.82 0.69 0.70 0.45 2.01 1.78 -- -- -- -- --
H 20 0.54 0.59 0.35 0.26 1.02 0.32 -- -- -- -- --
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Notes for Table 4:
N number of samples ([1] - [6]) or groups of samples
([7] - [11])
* total Fe reported as FeO
[1] 6 basalts from Mid-Indian Oceanic Ridge, Hekinian, 1968
(2] 7 porphyritic basalts from Mid-Oceanic Ridge at
21*-240 S and 69*-750 E, Hekinian, 1968
[3] 3 basalts from Mid-Indian Oceanic Ridge, Hekinian, 1968
[4] 7 basalts from Mid-Indian Oceanic Ridge, Engel and
Fisher, 1975
[5] 4 basalts from the Carlsberg Ridge, Hekinian, 1968
[6] 4 basalts and 2 spilites from the Carlsberg Ridge,
Hekinian, 1968
[7] Indian Ocean Ridges, Melson et al, 1976
[8] Mid-Atlantic Ridge, Melson et al, 1976
[9] East Pacific Rise, Melson et al, 1976
[10] Juan de Fuca Ridge, Melson et al, 1976
[11] All spreading centers, Melson et al, 1976
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Also included in Table 4 for general comparison are
Melson et al (1976) averages for the Mid-Atlantic Ridge,
East Pacific Rise, Juan de Fuca Ridge, and All Spreading
Centers, and two averages for the Carlsberg Ridge from
Hekinian (1968).
Phenocrysts and Glass Inclusions
Olivine and plagioclase phenocrysts are present in the
glasses from both Stations 12 and 15. As indicated in the
thin section descriptions, more than one size population
of plagioclase is evident in each of the four samples,
and this is borne out by the presence of different
compositional groups corresponding fairly well to size.
The olivines showed two size fractions in three of the four
samples, and some of those from Station 15 exhibited thin
rims of a different olivine in thin section. Chemically,
however, there appeared to be very little compositional
variation, and rimming of olivines from Station 15 was not
distinct in any traverse completed. A detailed account
of phenocryst compositions and examples of zoning and
rimming follows.
AII-93-12-7 Phenocrysts
Olivines in this sample tend to be very small and
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appear to be a late stage feature. They are euhedral and
show no signs of rimming or resorption in thin section.
Chemically they show very little variation, with the
lowest single analysis having a.forsteritic component of
84.7%, and the highest single analysis of 89.1% forsterite.
Eight individual crystals were analysed, with an average
of Fo 87.7 overall (see Table 5). One crystal was Fo 85,
but could not be distinguished by size or texturally from
any of the other crystals. For individual analyses, see
Appendix 3. When the Fo 85 crystal was excluded from
the average, the overall olivine composition was Fo 88.3.
For plagioclase, several compositional groups are
distinct, and average compositions are listed in Table 5.
The fine unzoned needles and thin laths that comprised
the smallest size group, are characterized by a very
uniform composition of An 67.2. The maximum anorthite
content measured was An 68.4, and the lowest was An 66.3.
The crystals of the intermediate size range show
slight zoning in thin section, and this was also exhibited
chemically. Both continuous and cyclic variations of
maximum range between An 70.2 and An 79.8 were seen in
these crystals, and an overall average of An 74.1
calculated. None of these crystals showed any distinct
rimming that could not have been attributed to zoning.
TABLE 5
Average Plagioclase
PLAGIOCLASE: LARGE
and Olivine Compositions for Sample 12-7
LARGE LARGE I INTERMEDIATE
core la rim la core la rim lal
Sio 2  45.07 0.40 50.84 0.49 48.55 0.44 46.63 0.58 46.93 49.29 0.79
Al203 34.23 0.18 29.98 0.45 31.67 0.36 33.10 0.51 33.33 31.35 0.55
FeO* 0.24 0.03 0.46 0.08 0.30 0.08 0.34 0.11 0.37 0.37 0.08
MgO 0.07 0.01 0.09 0.01 0.09 0.01 0.07 0.01 0.06 0.09 0.01
CaO 18.15 0.13 13.71 0.28 15.36 0.35 16.70 0.41 16.79 14.87 0.53
Na 20 1.00 0.07 3.39 0.17 2.62 0.18 1.84 0.27 1.91 2.88 0.32
TOTAL 98.76 98.47 98.59 98.68 99.39 98.85
An 91.0 69.1 76.4 83.5 83.1 74.1
Range 89.8-92.3 67.7-70.8 71.3-79.2 80.5-85.8 81.1-84.9 70.2-79.8
SMALL OLIVINE SINGLE OLIVINE AND RIMS
SiO2 50.93 0.27 Sio2 39.92 0.27 39.63 0.22
Al203 29.89 0.16 FeO* 11.30 0.49 14.25 0.28
FeO* 0.51 0.10 MgO 47.67 0.59 45.19 0.08
MgO 0.09 0.01 MnO 0.21 0.02 0.27 0.02
CaO 13.47 0.13 NiO 0.24 0.04 0.19 0.03
Na20 3.65 0.09 CaO 0.29 0.02 0.29 0.02
TOTAL 98.54 TOTAL 99.63 99.82
An 67.2 Fo 88.3 85.0
Range 66.3-68.4 Range 87.5-89.1 84.7-85.1 * Tfotal Fe reported as FeO
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The largest crystals proved to be comprised of three
groups rather than just one. There is one unusual crystal
in the thin section, described previously as completely
rounded, with a halo of microphenocrysts and centers of
devitrification, which was compositionally distinct from
both other chemical groups in the large size range. The
crystal appears unzoned and unrimmed in thin section, but
has a chemical variation of An 81.1 in the center to
An 84.9 at the rim. Its average composition is An 83.1.
This was the only crystal of this type observed.
Another compositional group among the large crystals
are those with euhedral forms and zoned interiors ranging
from An 71.3 to An 79.2, and with thin rinds of more
anorthitic material, ranging from An 80.5 to An 85.8.
The average interior of these crystals is An 76.4, and the
average rim is An 83.5. Zoning in all of these was cyclic.
The last group of plagioclases for this sample are
also rimmed. In thin section they appear feathery on the
edges from resorption, and the cores are uniform and
unzoned. The maximum range of composition for individual
analyses in the cores of these crystals is An 89.8 to
An 92.3, with a calculated average of An 91.0. The rims
ranged from An 67.7 to An 70.8, and averaged at An 69.1.
Examples of the rimming seen in the last two groups of
plagioclase are illustrated in Table 6.
TABLE 6
Examples of Rimming Seen on Plagioclases From 12-7
(see Plates 1 and 2)
Crystal 12-7-12
51.39
29.47
0.48
0.10
13.47
3.55
98.45
67.7
45.57
34.00
0.26
0.09
18.02
0.96
98.90
91.3
45.56
34.33
0.20
0.07
18.21
1.05
99.43
90.7
45.35
34.29
0.18
0.07
18.28
0.94
99.11
91.6
Crystal 12-7-12a (adjoining 12-7-12)
45.24
34.62
0.19
0.07
18.31
0.85
99.28
92.3
45.28
34.11
0.21
0.07
18.11
1.01
98.80
90.9
45.33
34.32
0.26
0.07
18.12
0.94
99.04
91.5
45.44
34.49
0.25
0.07
18.22
1.00
99.48
91.0
45.47
34.42
0.25
0.07
18.30
1.05
99.57
90.7
Crystal 12-7-B
Si102
Al 203
FeO*
MgO
CaO
Na2 0
TOTAL
An
46.84
33.42
0.23
0.07
17.13
1.63
99.32
85.4
48.56
31.96
0.27
0.09
15.46
2.64
98.98
76.4
48.69
31.71
0.23
0.08
15.34
2.59
98.64
76.6
* Total Fe reported as FeO
Al2 03
FeO*
MgO
CaO
Na2 0
TOTAL
An
45.27
34.33
0.25
0.07
18.10
0.94
98.96
91.5
45.49
34.33
0.27
0.07
18.29
1.00
99.45
91.1
50.69
30.32
0.52
0.09
14.02
3.22
98.86
70.8
48.27
32.00
0.29
0.09
15.61
2.54
98.79
77.3
46.28
33.88
0.32
0.06
17.20
1.59
99.32
85.8
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PLATE 1: Crystals 12-7-12 and l2-7-l2a - An9l core with An69 rim.
Dots represent analysis points, and arrow indicates the direction of
traverse. See Table 6 for tabulation of analyses.
40~
PLATE 2: Crystal l2-7-B - exhibiting core more sodic than rim. See
Table 6 for tabulation of analyses represented by traverse indicated.
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AII-93-12-7 Glass Inclusions
Glass inclusions occur in both olivine and plagioclase
in all four samples, and because actual compositions of
the inclusions are variable, the Mg' or Mg/Fe ratio
is used to describe and classify them. In Sample 12-7,
glass inclusions were not very abundant in olivine, and only
one inclusion large enough to be successfully analysed
was found. It has an Mg/Fe* ratio of 0.88, with a
corresponding Mg' of 0.64.
In plagioclase, glass inclusions occur abundantly in
crystals in the large size range, and much less regularly
in the intermediate sized crystals. For this sample, only
analyses in the larger crystals were obtained, and it was
found that the glass inclusions for each phenocryst group
were distinct in terms of Mg/Fe* ratios and Mg'. Four
inclusions in crystals with cores averaging An 76.4 and
rims of An 83.5 were analysed with Mg/Fe* ratios from
0.81 to 1.13, corresponding to Mg' 0.62 to 0.69.
Inclusions with Mg/Fe* ratios of 1.31 to 1.36 and
corresponding Mg' of 0.72 to 0.73 were measured in the
unusual rounded crystal of composition An 83.1, and
inclusions with extremely high Mg/Fe* ratios of 1.57 to
1.62 (Mg'= 0.76) were analysed in the plagioclases with core
compositions of An 91.0.
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That there is a strong compositional relationship
between the inclusions and their host crystals is signifi-
cant, indicating that the liquids trapped in crystals, each
with varying degrees of reaction or resorption, are a
sampling of three different melts before they were
incorporated with the magma producing the end product
represented by the matrix glass.
Melt inclusions, phenocryst compositions, and parental
liquids will be discussed further for both Stations 12 and
15 in the next chapter.
A complete listing of inclusion analyses can be found
in Appendix 3.
AII-93-12-16 Phenocrysts
In this sample, olivines occur both as large crystals
intergrown with large plagioclases, and as small late-
formed crystals in the glass. As in Sample 12-7, they are
uniform in composition, with an average forsterite content
of Fo 88.6 (see Table 7). A few show rims of Fo 85.8, but
these rims were not readily apparent in thin section.
Individual analyses ranged from Fo 85.7 to Fo 89.6.
Plagioclase in this sample does not fall into such
neat size-associated composition packages as it does in
12.7. Three sizes are apparent in the population, but
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compositional groups cross the size boundaries. The first
group, predominantly larger crystals with some intermediate
sizes included, has an average composition of An 80.2, but
includes a range of An 75.0 to An 85.5 as a result of
mostly cyclic zoning (see Table 7). Most of these crystals
are euhedral, but several show signs of embayment.
Another compositional group is made of the small to
intermediate sized crystals, with a range in composition of
An 71.9 to An 75.3, averaging at An 73.1 (see Table 7).
Two other rimmed crystals were analyzed that are composi-
tionally distinct. One is a large well-formed crystal with
a cyclically zoned core of An 76.6 to An 80.5 (average
An 78.0) surrounded by a rim of An 70.0. The other crystal
has a fairly uniform core composition of An 85.2, with a
rim of An 71.9. No other crystals of compositions similar
to these two were analyzed.
AII-93-12-16: Glass Inclusions
Glass inclusions occur in both olivine and plagioclase
in this sample, but are much less abundant than in the
phenocrysts of 12-7. Inclusions do not occur in the large
olivine crystals, but rather are restricted to the smaller
ones. Only two inclusions were successfully analyzed for
this sample, with Mg/Fe* ratios of 0,65 and 1.03. These
TABLE 7
Average Plagioclase and Olivine Compositions for Sample 12-16
rim
39.13
13.63
46.12
0.25
0.20
0.36
99.69
85.8
(85.7-85.9)
0.16
0.21
0.13
0.04
0.01
0.00
* Total Fe reported as FeO
OLIVINE
0.27
0.39
0.32
0.03
0.04
0.03
SiO
2
FeO*
MgO
MnO
NiO
CaO
TOTAL
Fo
Range
40.10
10.85
48.16
0.18
0.21
0.31
99.81
88.6
88.1-89.6
correspond to Mg' of 0.56 and 0.67 respectively.
In plagioclase, glass inclusions occurred in the
intermediate to large sized crystals, primarily of An 80.2
composition. Mg/Fe* ratios for these inclusions ranged
from 0.64 to 1.14 with corresponding Mg' of 0.56 to 0.69.
One inclusion was measured at Mg/Fe* = 1.63, Mg' = 0.76,
but its corresponding plagioclase was not analyzed. It is
assumed, however, that the host crystal is strongly
anorthitic (%An 90), as were those for similar inclusions
in 12-7.
AII-93-15-1 and AII-93-15-3: Phenocrysts
The olivines from Station 15 show a rather different
character than those of Station 12, in that more textural
variety is exhibited. Although some of the crystals
appear rounded, embayed or rimmed in thin section, very
little chemical variation was observed, and significant
compositional differences identifiable as rims were
undetected. Of twenty-five crystals analyzed for 15-1, and
sixteen for 15-3, the maximum variation for single analyses
ranged from Fo 87.1 to Fo 89.6, averaging at Fo 88.2
(see Table 8). No size dependent variation was noted for
the range.
In discussing plagioclase, the two samples will be
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TABLE 8
Average Plagioclase and Olivine Compositions
for Station 15
PLAGIOCLASE:
SMALL
TO INTERMEDIATE INTERMEDIATE
INTERMEDIATE
la~ la la
SiO 2  50.38 0.51 46.60 0.42 48.39 0.75
Al 2 03  30.54 0.21 33.13 0.34 32.05 0.53
FeO* 0.37 0.07 0.30 0.05 0.33 0.04
MgO 0.10 0.02 0.08 0.01 0.09 0.01
CaO 14.41 0.19 16.81 0.36 15.74 0.64
Na 2 0 3.18 0.13 1.76 0.14 2.38 0.32
K2 0 0.05 0.01 0.03 0.01 0.04 0.01
TOTAL 99.03 98.71 99.02
An 71.4 84.1 78.5
Range 70.1-73.4 81.3-85.5 72.4-85.5
OLIVINE
SiO
2
FeO*
MgO
MnO
NiO
CaO
TOTAL
Fo
Range
39.71
11.43
47.92
0.21
0.20
0.31
99.78
88.2
87.1-89.6
0.39
0.62
0.50
0.05
0.05
0.03
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combined as they were with olivine because the samples are
so similar. Of the crystals analysed, there were three
groups roughly correlated to the size-based groups, and
two very large crystals (one in each sample) that fell
separately from each other and any of the other groups.
The very large crystal in Sample 15-1 is characterized by
an irregularly zoned interior of compositions ranging from
An 85.5 to An 88.2, rimmed by plagioclase of An 79.8
content. This crystal is significantly larger than the
other plagioclases in the large size range. The other
large crystal, from Sample 15-3, is cyclically zoned from
An 64.8 to An 79.2, with the outermost zone of An 67.1
composition.
The composition corresponding to the small to inter-
mediate sized crystals is fairly uniform, ranging from
An 70.1 to An 73.4 for individual analyses (tabulated in
Appendix 3) and averaging at An 71.4 (see Table 8 for
average compositions). These crystals are only slightly
zoned if at all.
Another group, restricted to intermediate sized
crystals, has an average composition of An 84.1. These are
cyclically zoned crystals with a range for single analyses
of An 81.3 to An 85.5.
The last group, comprised of intermediate to large
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crystals, are irregularly zoned - partly cyclically and
partly continuously, ranging in composition from An 72.4 to
An 85.5. The average composition for this group is An 78.5.
The two samples from this station were very much alike
in terms of both matrix glass and phenocryst compositions,
and it seems safe to say they are, in fact, sampling the
same unit.
AII-93-15-1 and AII-93-15-3: Glass Inclusions
Glass inclusions in these samples are confined to
the intermediate to large plagioclases, in which they
are not very abundant, but more importantly, they occur in
nearly all the olivines.
Inclusions in olivine have Mg/Fe* ratios ranging
from 0.66 to 1.13. The majority of values, though, cluster
around the average of 0.85, corresponding to an Mg' of
0.63. In plagioclase, glass inclusions occur in crystals
of composition An 78.5, with Mg/Fe values of 0.85 to 1.18
(Mg' = 0.64- 0.70), and in plagioclases of An 84.1, average
composition with Mg/Fe* ratios and Mg' ranging from 1.21 to
1.36 and 0.70 to 0.73 respectively.
One particularly interesting inclusion was analysed
in a plagioclase from Sample 15-1. It was large enough to
exhibit evidence of the host crystal having crystallized
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from the trapped melt, enriching the edge of the inclusion
in iron, magnesium, titanium, and curiously in calcium, and
depleting it in sodium and aluminum. Two careful traverses
were made at approximately right angles to each other,
and the results are shown in Table 9. As expected, the
Mg/Fe* ratio of the melt does not change much from edge to
edge.
There is considerably less distinction between the
two groups of inclusions in crystals from this station,
but apparently a fine line does exist.
TABLE 9
Compositional Variation in a Glass Inclusion from Sample 15-1,
Showing Evidence of Host Crystallization
TRAVERSE A-+
51.99
1.66
10.82
10.96
10.62
0.20
12.55
1.08
0.07
99.93
0.969
0.66
52.91
1.19
14.67
9.62
8.42
0.12
11.89
0.43
0.10
99.36
0.875
0.63
* Total Fe reported as FeO
Mg/Fe*: Calculated using total
52.89
1.12
15.65
8.85
8.00
0.11
11.75
0.74
0.12
99.22
0.904
0.64
53.30
1.14
15.67
8.84
7.93
0.09
11.76
1.18
0.09
100.00
0.897
0.64
52.68
1.28
14.23
9.51
8.89
0.16
11.98
0.71
0.13
99.57
0.935
0.65
53.12
1.24
13.64
10.02
9.12
0.13
11.89
0.59
0.10
99.86
0.910
0.64
52.13
1.76
10.03
11.84
10.85
0.17
12.60
0.37
0.08
99.84
0.916
0.64
52.96
1.11
15.52
8.98
7.79
0.14
11.72
0.82
0.12
99.15
0.867
0.63
iron
Mg': Mol. Mg/Mg + Fe+ 2 assuming Fe2 03 = 0.1 FeO* plagioclase
Diagram showing Traverses A and B
through the glass inclusion. Dots
represent analysis points, arrows
indicate direction of traverses.
B -- -
epoxy glass inclusion
, 0.2m
TiO
2
Al2 03
FeO*
Mgo
MnO
CaO
Na2 0
K20
TOTAL
Mg/Fe*
Mg'
52.95
1.12
15.73
8.66
7.78
0.13
11.66
0.35
0.09
98.47
0.898
0.64
52.45
1.59
10.30
11.68
10.55
0.15
12.34
0.43
0.08
99.57
0.903
0.64
TR AV'P'P qV R (I A) -- W
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DISCUSSION
Since there is no evidence to the contrary, it is
assumed that each station is represented by one rock
composition, and that the two stations represent two
different units. Although the plagioclase phenocryst
assemblages for the two samples at Station 12 are different,
their matrix and olivine compositions are virtually the
same, and on that ground they are considered to be one
unit.
The methods of Leeman and Sheidegger (1977) were
applied to determine whether average olivine compositions
were in equilibrium with the matrix
glasses, and to then determine a quench temperature
applicable to Drake's (1976) methods for determining the
equilibrium plagioclase assemblage.
To interpret the melt inclusion data, their
compositions were plotted on Al 203 -CaO-MgO and
Na20+ K20-FeO-MgO diagrams along with control lines from
their appropriate host crystals, and also on a TiO 2 vs Mg'
diagram. The two stations will be discussed separately.
Station 12
Applying the methods of Leeman and Sheidegger (1977),
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whereby apparent olivine-liquid distribution coefficients
are determined, and a series of olivine crystallization
temperatures calculated, equilibrium between olivine
and the quenched liquid can be determined based on the
concordancy of the calculated crystallization temperatures.
For these samples, distribution coefficients for magnesium,
iron and manganese were used.
It was found that the olivines of average composition
Fo 88.4 are not in equilibrium with the matrix glass, but
that the single crystal of Fo 85.0 from Sample 12-7,
and the Fo 85.8 rinds on some of the olivines of Sample 12-16
are, in fact, equilibrium compositions. A quench temperature
of 1211*C was determined for the matrix glass, and this
temperature was applied to Drake's (1976) method for
determining plagioclase equilibrium compositions. Allowing
for a 50* error in temperature, the compositional range
representing an equilibrium assemblage for this glass is
An 64.1 to An 72.8. This coincides quite well with the
smallest crystals in 12-7, having an average composition
of An 67.2, and could probably also include the An 73.1
average composition crystals from 12-16. The other groups
of plagioclase are clearly out of equilibrium with the
matrix glass. It is apparent, though, that the three groups
of crystals exhibiting rims of An 69.1, An 70.0, and An 71.9
-49-
have achieved surface equilibrium with the melt.
It is important that the olivine is not in
equilibrium with the glass, because as such, a different
liquid is represented by the inclusions contained in them.
By plotting the melt inclusion data on an Al2 0 3-CaO-MgO
diagram (see Figure 4), and by drawing control lines
from the various host crystal compositions through the
appropriate melt compositions, a series of intersections
representing possible primitive liquids was obtained.
Using the lever rule to determine the amount of host
crystallized (as described by Watson, 1976), the initial
liquid was reconstructed by adding the amount of host
crystallized out of the inclusion back to the measured melt
composition. This was done for several inblusions along
a control line, each representing different degrees of
crystallization, for both plagioclase and olivine, and
the calculated initial liquids were then compared. A fairly
good fit was obtained for the intersection with the plagio-
clase compositon of An 83.1 (see Table 10). The olivine
was then back-checked by the apparent distribution
coefficient method, and an equilibrium association was
confirmed.
It is unfortunate that inclusion bearing olivines in
equilibrium with the other primitive liquids were not
25oCaO
Figure 4: A1203-CaO-MgO Diagram for Melt Inclusion Data from Station 12. Control lines
have been drawn from the host compositions indicated through corresponding
melt data. For olivine, open symbols (0 M) represent Mg/Fe*C 1.00;
half-colored symbol (1) represents Mg/Fe*>1.00. For plagioclase, open
symbols (0) represent Mg/Fe*- 0.81- 1.13 associated with the control line from
An 76.4; slashed symbols (0) represent Mg/Fe*= 0.64- 1.14 associated with the
control line from An 80.2; half colored symbols (0) represent Mg/Fe*- 1.31
-1.36; solid symbols (3) represent Mg/Fe*- 1.59- 1.63. The primitive
liquid discussed in the text is shown by the intersection 1. A reference
triangle locates the field shown, and the compositions of the host crystals
from which the control lines were drawn. Fo 88.4 is the average olivine
composition for Somplea 12-7 and 12-16 combined.
Inclusions
012-7 plag
*12-7 oi
a12-16plag
@12-16Ol
Table 10A: Initial Liquid Composition (wt%) Calculated from Melt Inclusion Data, Sample 12-7.
The lever rule was applied to Figure 4 to determine the approximate percentage of host
material crystallized from the original melt entrapped in the crystals. The host composition
was then added back to the inclusion composition to arrive at the liquid composition at
the time of melt entrapment. This table shows the average olivine composition (Fo 88.4)
for samples 12-7 and 12-16 combined, as well as the composition of An83.1, the plagioclase
involved in these calculations. The following columns show the measured compositions of
the glass inclusions, and are labled by the amount of host determined to have crystallized
after liquid entrapment.
(5% Fo88.4) (6% Fo88.4) (1% An83.l) (4% An33.l)
Sio
2
TiO
2
Al203
FeO*
MgO
MnO
CaO
Na20
K20
Total
40.02
11.05
47.95
0.20
0.30
99.52
46.93
33.33
0.37
0.06
16.79
1.91
99.39
Mg'
51.60
0.98
17.16
7.32
7.53
0.15
12.13
2.87
0.09
99.83
0.67
*All iron as FeO 2 13 12
Mg' = Molar Mg/Mg+Fe+ assuming Fe /Fe
51.67
0.88
17.01
8.00
7.03
0.13
12.22
2.87
0.08
99.88
0.64
51.41
0.86
15.51
7.70
10.16
0.11
11.17
2.50
0.07
99.49
0.72
50.86
0.93
14.69
7.98
10.88
0.25
11.16
2.49
0.08
99.32
0.73 1Ln
H
= 0.1
Oxide Fo88.4 An 83.1
An8 3. 1
Table 1OB: Initial Liquid Composition (wt%) Calculated from Melt Inclusion Data, Sample 12-7.
This Table shows the composition of the original trapped liquid as calculated from the
glass inclusion and host crystal compositions listed in Table 10A. The columns are labled
as to the amount of host crystal precipitated from the melt after entrapment, which has
been added back to the glass composition. The average of the calculated co-mposition is
also listed, with la values.
5% Fo88.4
51.02
0.93
16.30
7.50
9.55
0.15
11.54
2.73
0.09
99.81
0.72
6% Fo88.4
50.97
0.83
15.99
8.18
9.49
0.13
11.51
2.70
0.08
99.88
0.70
1% An83.1
51.37
0.85
15.68
7.62
10.06
0.11
11.23
2.50
0.07
99.49
0.72
4% An83.1
50.71
0.89
15.43
7.67
10.44
0.24
11.38
2.47
0.08
99.31
0.73
Average
Primitive
Li quid
51.02
0.88
15.85
7.74
9.89
0.16
11.42
2..60
0.08
99.64
0.72
*All iron as FeO
Mg' = Mg/Mg+Fe+ 2 assuming Fe+ 3 /Fe+ 2 = 0.1
Oxide
S io2
TiO
2
Al203
FeO*
MgO
MnO
CaO
Na20
K20
Total
Mg'
0.27
0.04
0.38
0.30
0.45
0.06
0.14
0.13
0.01
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present so that their compositions could also be calculated,
particularly for the inclusions with the very high Mg'
values and low TiO2 contents. The Mg' values of 0.76
(with individual analyses of up to 0.77) are much higher
than those for the most primitive basalts identified to date
(Rhodes et al, 1979; Donaldson and Brown, 1977; Frey et al,
1974) and combined with the very low TiO2 contents in these
inclusions (0.20- 0.50), they must represent a liquid which
has undergone very little fractionation at all. Inclusions
with similar high Mg' values (0.76) and low TiO 2
(0.61 wt %) contents in spinels have been examined by
Donaldson and Brown (1977), and they feel that the
inclusions have undergone very little reaction with the
host, and that they represent a very close approximation
to the liquid composition at the time of entrapment. A
similar argument could be applied to these inclusions in
that they do not appear to have been depleted in plagioclase
forming components (particularly Al203, CaO, and Na20), and
because they have very low TiO2 contents (much lower than
those reported by Donaldson and Brown, 1977), which should
have increased with increasing amounts of fractionation.
These inclusions clearly must represent a more primitive
liquid than has previously been reported, but insufficient
information is available to precisely identify the initial
-54-
composition.
The melt inclusion data were also plotted on an
Na20+ K20-FeO-MgO diagram (see Figure 5), with corresponding
host crystal control lines, but the linear trends were not
as well represented. This diagram is useful, though, to
clearly delineate the different sets of glass inclusions.
They appear here as distinct clusters for a given host
crystal composition. Also, the olivine data are somewhat
better represented here, fitting to their control line much
better than on the Al203-CaO-MgO diagram.
The three groups of inclusions are again clearly
distinguished when the data is plotted on a TiO2 vs Mg'
diagram (Figure 6). The variation expected from the
simple fractionation of olivine, causing a predictable
decrease in the Mg/Fe ratio and increase of TiO2 in the melt,
would be a smooth line of slightly increasing TiO2 content
with decreasing Mg' values. In this case, however, there
is a sharp break between the inclusions with Mg' over
0.75, and those in the broad group having Mg' values
between 0.61 and 0.73, and then another severe change
between those and the inclusions of Mg' less than 0.57.
This evidence of distinctly different liquids, combined with
their specific host compositions and textural characteristics,
strongly suggest that several magmas have been sampled
30 /oFeQ
Figure 5: Na 20+K 20-FeO-MgO Diagram for Melt Inclusion Data from Station 12. Control lines
similar to those shown in Figure 4 appear also on this diagram. For Olivine,
open symbols (E) represent Mg/Fe+ 1.00; half-colored symbol (N) represents
Mg/Fe 1.00. For plagioclase, open symbols (0) represent Mg/Fe*-0.81-1.13
associated with the control line from An 76.4; slashed symbols (0) represent
Mg/Fe*=0.64-1.14 associated with the control line from An 80.2; half-colored
symbols (0) represent Mg/Fe*=1.31-l.36; solid symbols represent Mg/Fe*-l.59-1.63.
The primitive liquid composition is represented by the intersection I. A refer-
ence triangle locates the field shown, and the compositions of the host crystals
from which the control lines were drawn.
Inclusions in
D12-7 plag
412-7 ol
E12-16 plag
Hm12-16 -ol
@matrix
100/0 0
olivine fractionation linea t
,510E! kcacuated
Primitive
liqJid
055 0.60 0.65 070 Q75
Mg'
Figure 6: TiO 2 vs Mgt Plot of Melt Inclusion Data for Station 12. An olivine
fractionation line from the calculated primitive liquid is shown for
comparison to the actual trends of the data.
- 2.0
0
-
1.0
. Q50
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and mixed to produce the basalt represented by the matrix
glass composition, and that these crystals and associated
melt inclusions are preserved relicts of the diverse
parental liquids.
Station 15
The data for these samples were treated much the same
as for Station 12, but the results are rather different.
The Leeman and Scheidigger (1977) method was used to
determine if the olivines, very uniform at a composition
of Fo 88.2, are in equilibrium with the matrix glass, and
it was found to be true. A quench temperature of 1227 0 C
was determined, and applied to Drake's (1976) method to
determine an equilibrium plagioclase compositional range of
An 64.8 to An 73.2. The small to intermediate sized crystals
present in this sample fit in well with an average
composition of An 71.4. It is unfortunate that by finding
the olivine in equilibrium with the matrix glass, no
second phase is available for determining primitive liquid
compositions from the melt inclusion data. Only general
characteristics of the trapped liquids can be discussed.
When the melt inclusion data is plotted on an
Al203 -CaO-MgO diagram (Figure 7), and the control lines
from associated host phases drawn, considerable scatter and
/ CaO
Afau
A V
K>
v v -v v
25*/o CaO
Figure 7: Al 20 3 -CaO-MgO Diagram for Melt Inclusion Data from Station 15. Control
-0153 plag lines have been drawn from the host compositions indicated through the
+15-3ol corresponding melt data. For olivine, open symbols (A4) represent
Mg/Fe* 1.00; Solid symbols (A+) represent Mg/Fe* 1.00. For plagioclase,
open symbols (Ag) represent Mg/Fe*-0.85-l.18 associated with host composition
An 7 .5 ; half-colored symbols (0Q) represent Mg/Fe*-1.21-1.36 associated with
hos'composition An8 . A reference triangle locates the field shown, and
compositions of the host crystals.
00
Inclusions in
A 15-1 plag
A 15-1 ol
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overlap result. This diagram lacks the close adherence
to the control lines as was seen at Station 12, and perhaps
more importantly, there is no clear division of the melt
inclusions into distinct compositional groups. The only
apparent item of interest is to note that the olivine
control line very nearly passes through the matrix
composition, again confirming the equilibrium association.
On an Na20+ K 20-FeO-MgO diagram (Figure 8), a similar
non-descript pattern results. The inclusions in plagio-
clase overlap and do not cluster according to either host
composition or Mg/Fe ratio, as was seen at Station 12,
and the plagioclase control lines appear meaningless. The
melt inclusions in olivine again fare a little better on
this diagram by falling tighter to the olivine control
line, and showing a direct relationship to the matrix
glass along that line.
For these samples, the TiO2 vs Mg' diagram (Figure 9)
is much more useful. The melt inclusions in crystals for
Station 15 fall in a smoother, more even line than was
seen for Station 12. There is a slight change in slope
between the inclusions with higher Mg' and lower TiO 2
content and the rest, but not the strong breaks as seen
previously. In this case it would appear that a model only
slightly more complex than simple fractionation would account
30/o FeO
Figure 8: Na 20+K 20-FeO-MgO Diagram for Melt Inclusion Data from Station 15. Control
lines similar to those shown in Figure 7 appear also on this.diagram. For
olivine, open symbols (At) represent Mg/Fe* 1.00; solid symbols (A+)
represent Mg/Fe* 1.00. For plagioclase, open symbols (AO) represent
Mg/Fe*-0.85-1.18 associated with host composition An ; half-colored
symbols (L) represent Mg/Fe*-l.21-l.36 associated w host composition
An 8 4 l. A reference triangle locates the field shown, and compositions of
the flost crystal.
Inclusions in
A 15-1 plag
A 15-1 ol
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Figure 9: T102 vs MgO Plot of Melt Inclusion Data for Station 15. An olivine
fractionation line has been drawn from a point representing the olivine
with the highest Mg' observed, using it as a hypothetical primitive
liquid, for comparison to the actual trends of the data. The two points
shown for the zoned inclusion indicate compositions for the central part
and rim of a glass inclusion in plagioclase, and exhibit Ti2 enrichment
as a result of plagioclase fractionation along the outer margin of the
inclusion.
0
1.0
050 075
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for the variation seen in the glass inclusion data. The
actual variation in plagioclase composition is rather small,
and considerable overlap exists between the three major
groups. Important to consider, though, is the fact that the
intermediate sized crystals have a higher anorthite
content, and contain the glass inclusions with the higher
Mg' and lower TiO2 content, so they may actually represent
a single mixing event that perhaps did not have as
profound an effect on this magma as some of the events
occurring beneath Station 12. The influx of a more
primitive liquid is also supported by the irregular zoning
in the large crystals. In general, they have a band of
more anorthitic material near their outer margins,
sometimes followed by a decrease in anorthite further out.
The two very large crystals that don't belong to any of the
three major groups may be strays that were incorporated
during the same event, having been already mixed with the
incoming magma, or possibly having been torn from wall rock
during the influx of the more primitive liquid.
Normal fractionation of an unmixed magma is represented
on Figure 9 by the olivine fractionation line, constructed
using the most primitive glass inclusion composition from an
olivine as the hypothetical primitive liquid. The deviation
from this normal fractionation (i.e., the small mixing event)
-63-
is thus indicated on Figure 9 by the high Mg'-low TiO 2 values
that plot on a steeper trend, approximately representing a
mixing line. An actual mixing line can not be constructed
because the two liquid compositions are unknown.
-64-
CONCLUSIONS
On the basis of textural and compositional variation
of phenocrysts, and of chemical characteristics of
associated glass inclusions, it is concluded that magma
mixing combined with normal fractionation is responsible
for producing the basalts sampled from Stations 12 and 15
in this study. A much more complex history involving
several episodes of injection and mixing of a variety of
different magmas, and subsequent fractionation produced
the unusual phenocryst assemblage and range of textural
features seen at Station 12. Only one of the liquids
involved in mixing was identified, but evidence of a very
primitive, unfractionated magma was clearly indicated.
A less evolved magma undergoing normal fractionation was
apparently injected with a more primitive liquid, mixed,
and then allowed to resume fractionation prior to eruption
at Station 15. The composition of the magma injected into
the already fractionating mass was not specifically
identifiable because only one inclusion bearing phase in
equilibrium with that system was present, and no estimate
of the degree of crystallization of host crystal from the
melt inclusion could be determined.
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APPENDIX 1
Sample Preparation, Techniques,
and Error Analysis for Mass Spectrometry
Matrix glasses from the four samples were crushed and
hand-picked under the microscope to obtain approximately
50 mg of alteration and crystal free glass. *The chips
were rinsed in distilled water to clean off rock powder,
and dried. Approximately 0.3 grams of Multi Element Spike
(MES II) were weighed in, and the sample was dissolved in
HF-HC10 4 solution. The residue was treated several times
with HCl and evaporated to dryness, and then 0.5 ml of
2.5N HCl were added, and the solution centrifuged until
clear. The samples were run through resin columns and
eluted to separate K, Rb, Cs, Sr, and Ba, which were
collected. The collections for K, Rb, and Cs were treated
with H2so4 and dried to hardness, and Sr and Ba were treated
with HC104 and also dried hard.
Samples were run on a 9" mass spectrometer, and
concentrations for K and Cs were determined to within 4%,
and for Rb, Sr, and Ba to about 1%.
Some difficulty was encountered while running these
samples in that they did not run smoothly at all. It is
uncertain exactly why there was so much trouble, but the
difficulty probably was a result of poor chemistry or
-70-
loading techniques, which are attributed to my lack of
experience.
Sr/ 86Sr were calculated and corrected to the Eimer
and Amend standard of 0.70800.
APPENDIX 2 -71-
Sample Preparation and Techniques
for Electron Microprobe Analysis
Thin sections of the glassy rinds of each of the
samples were made professionally, and after a petrographic
study had been made, the cover slips were removed and the
sample polished to an 0.1 micron finish. These slides were
used for analysing phenocryst compositions and associated
inclusion compositions, and for making traverses to
determine zoning and rimming within the crystals. The
glass samples were also crushed, and phenocrysts hand-picked
for making grain mounts. Only plagioclase fragments that had
no matrix glass adhering to them were used, and only those
in which the inclusions were distinctly the result of
entrapment rather than resorption were used. They were set
in epoxy and dried overnight at 2000, and then polished
down to expose inclusions, and taken to an 0.1 micron
finish. These slides were primarily used for determining
melt compositions, with spot analyses of the host
composition made to confirm grouping, and those mounted
with olivines were used to determine olivine compositions.
Since the olivines were nearly all whole (only a few were
broken crystals), and covered with a skin of matrix glass,
accurate and complete compositions could be determined from
-72-
edge to edge of the crystal. And, since all crystal
boundaries were visible, one could be certain of measuring
actual inclusions rather than matrix glass or resorptive
glass. The samples were all carbon-coated to ensure
electron conductance.
The smallest beam possible was used, making a spot of
3 microns in diameter, with a beam penetration into
the sample of 1 5 microns depth. Samples were counted for
30 seconds or 60000 counts on the GEOLAB program, and oxides
determined to within ±1%, calculated and corrected by the
Bence-Albee (1968) method. Both natural and synthetic
standards were used, with the major standard for the
glasses being VG-2, a Juan de Fuca basalt glass,
supplemented for potassium by a synthetic orthoclase glass.
APPENDIX 3
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Tabulation of Electron Microprobe Data
Electron Microprobe Data are listed for plagioclase,
olivine and glass inclusions for each sample. For pheno-
crysts, the anorthite or forsterite content is indicated,
and for glass inclusions, the Mg/Fe* and Mg' are listed.
Averages follow each set of data (when more than one spot
was measured), but may not be significant because of zoning
within the crystals or glass inclusions. Inclusions from
the same crystal (i.e.: more than one inclusion measured in
a single crystal) are grouped together and indicated as such.
If only one spot was analyzed, then the column representing
it is titled as such.
FeO* - all iron as FeO
Mg/Fe* calculated using total iron.
M +2 +3Mg =molar Mg/Mg + Fe assuming Fe /Fe* =0.1
Appendix III. AII-93-12-7
oxides av. av.
SiO 2  44.83 45.20 45.20 44.90 45.03 44.71 44.39 44.50 44.55
Al203  34.09 34.23 33.99 34.41 34.18 34.07 34.06 34.00 34.04
CaO 18.15 18.20 17.99 17.86 18.05 18.16 18.29 18.20 18.21
Na20 0.94 1.02 0.98 1.13 1.01 1.00 0.99 1.04 1.01
K20 nd.
FeO* 0.25 0.21 0.23 0.23 0.23 0.23 0.27 0.27 0.25
MgO 0.07 0.07 0.06 0.07 0.06 0.07 0.09 0.08 0.07
Total 98.33 98.93 98.45 98.60 98.55 98.23 98.07 98.18 98.15
An content 91.5 90.9 91.2 89.8 90.9 90.9 91.2 90.7 91.0
-I
-j1
Plagioclase Compositions
Appendix III. AII-93-12-7
oxides av.
SiO 2  51.39 45.57 45.56 45.35 46.99 45.24 45.28 45.33 45.44 45.47
A1203  29.47 34.00 34.33 34.29 33.04 34.62 34.11 34.32 34.49 34.42
CaO 13.47 18.02 18.21 18.28 17.00 18.31 18.11 18.12 18.22 18.30
Na20 3.55 0.96 1.05 0.94 1.63 0.85 1.01 0.94 1.00 1.05
K20 nd.
FeO* 0.48 0.26 0.20 0.18 0.28 0.19 0.21 0.26 0.25 0.25
MgO 0.10 0.09 0.07 0.07 0.08 0.07 0.07 0.07 0.07 0.07
Total 98.45 98.90 99.43 99.11 99.02 99.28 98.80 99.04 99.48 99.57
An content 67.7 91.3 90.7 91.6 85.2 92.3 90.9 91.5 91.0 90.7
Plagioclase Compositions
one
oxides av. av. spot
SiO 2  45.27 45.49 50.69 46.03 50.45 44.56 44.43 44.57 46.01 51.03
A1203  34.33 34.33 30.32 33.87 30.14 34.29 34.07 34.16 33.17 29.86
CaO 18.10 18.29 14.02 17.68 13.63 17.96 18.16 18.00 16.94 13.30
Na20 0.94 1.00 3.22 1.25 3.41 1.07 1.10 1.10 1.68 3.69
K20 nd.
FeO* 0.25 0.27 0.52 0.28 0.37 0.27 0.27 0.21 0.28 0.43
MgO 0.07 0.07 0.09 0.07 0.08 0.07 0.07 0.07 0.07 0.07
Total 98.96 99.45 98.86 99.18 98.08 98.22 98.12 98.11 98.16 98.39
An content 91.5 91.1 70.8 88.7 68.8 90.4 90.2 90.1 84.6 66.6
Appendix III. AII-93-12-7 Plagioclase Compositions
Appendix III. AII-93-12-7
oxides av.
SiO 2  46.64 48.48 48.77 45.63 47.29 46.84 48.56 48.69 48.27 46.28
Al2 03 33.16 31.45 31.73 33.37 32.46 33.42 31.96 31.71 32.00 33.88
CaO 16.72 15.23 15.18 17.00 16.05 17.13 15.46 15.34 15.61 17.20
Na20 1.83 2.54 2.50 1.63 2.12 1.63 2.64 2.59 2.54 1.59
K20 nd.
FeO* 0.23 0.30 0.26 0.32 0.29 0.23 0.27 0.23 0.29 0.32
MgO 0.07 0.09 0.09 0.07 0.07 0.07 0.09 0.08 0.09 0.06
Total 98.61 98.09 98.53 98.00 98.28 99.32 98.98 98.64 98.79 99.32
An content 83.6 76.8 77.2 85.3 80.8 85.4 76.4 76.6 77.3 85.8
I
Plagioclase Compositions
Appendix III. AII-93-12-7
oxides av. av.
Sio 2  47.73 46.16 48.50 49.19 48.19 49.72 48.35 51.06 50.78 50.59
Al203  32.59 33.24 31.79 31.53 32.00 30.40 31.79 29.71 29.96 29.89
CaO 16.14 16.80 15.67 15.07 15.75 14.28 15.51 13.43 13.56 13.56
Na20 2.20 1.60 2.58 2.76 2.40 3.19 2.50 3.57 3.66 3.70
K20 nd.
FeO* 0.27 0.57 0.22 0.28 0.28 0.61 0.39 0.71 0.39 0.41
MgO 0.07 0.07 0.09 0.09 0.09 0.09 0.09 0.11 0.09 0.09
Total 99.00 98.44 98.85 98.92 98.71 98.29 98.63 98.59 98.44 98.23
An content 80.2 85.4 77.1 75.1 78.4 71.3 77.5 67.6 67.2 67.0
ko
Plagioclase Compositions
Appendix III. AII-93-12-7
oxides av. av. av.
SiO 2  51.29 50.93 50.96 51.12 51.04 51.33 50.54 50.66 50.83 50.84
Al2 03 29.70 29.81 29.98 29.74 29.86 30.24 30.02 29.88 29.78 29.98
CaO 13.26 13.45 13.61 13.36 13.49 13.60 13.47 13.61 13.43 13.52
Na20 3.73 3.66 3.48 3.50 3.50 3.72 3.63 3.68 3.75 3.70
K20 nd.
FeO* 0.47 0.50 0.60 0.57 0.58 0.62 0.45 0.50 0.45 0.50
MgO 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.08 0.09 0.09
Total 98.54 98.44 98.73 98.39 98.55 99.60 98.20 98.40 98.34 98.63
An content 66.3 67.0 68.4 67.9 68.0 66.9 67.2 67.2 66.5 66.9
CO
CD
Plagioclase Compositions
Appendix III.
oxides
SiO
2
Al203
CaO
Na20
K20
FeO*
MgO
Total
An content
Plagioclase Compositions
49.66
30.87
14.59
2.99
nd.
0.42
0.09
98.61
73.0
.78
.95
.48
.38
.36
.08
.02
78.2
48.
31.
14.
2.
0.
0.
98.
av.
48.76
31.37
14.99
2.73
83
29
90
84
34
09
30
74.4
.37
.09
.31
75.3
48.96
31.48
14.89
2.83
0.34
0.08
98.59
74.4
49
30
14
3
0
0
99
47.80
32.68
16.02
2.25
0.32
0.08
99.16
79.8
.94
.92
.44
.14
.53
.09
,06
av.
48.90
31.69
15.12
2.74
0.39
0.08
98.93
75.4
47
33
16
1
0
0
99
.05
.52
.75
.90
.34
.07
.63
47.09
33.24
16.59
1.91
0.32
0.07
99,22
82,871.8 83,0
AII-93-12-7
Appendix III . AII-93-12-7
oxides av.
SiO 2  47.34 47.40 46.70 45.99 46.93 47.37 48.76 48.61 48.67 47.63
Al2 03 33.17 32.96 33.24 33.88 33.33 32.77 31.81 31.66 31.51 32.02
CaO 16.50 16.34 17.16 17.38 16.79 16.47 15.40 15.23 15.55 15.95
Na20 2.14 2.00 1.78 1.71 1.91 2.22 2.66 2.71 2.64 2.32
K20 nd.
FeO* 0.32 0.37 0.39 0.51 0.37 0.37 0.25 0.30 0.34 0.33
MgO 0.06 0107 0.07 0.06 0.06 0.07 0.09 0.09 0.09 0.08
Total 99.53 99.14 99.34 99.54 99.39 99.26 98.98 98.60 98.81 98.32
An content 81.1 81.9 84.2 84.9 83.1 80.5 76.2 75.7 76.6 79.2
I -
Plagioclase Compositions
Appendix III. AII-93-12-7
oxides
SiO
2
Al203
CaO
Na20
KO2K20
FeO*
MgO
Total
An content
47.96
31.88
15.61
2.52
nd.
0.32
0.08
98.35
77.4
av.
48.16
31.94
15.70
2.51
0.32
0.08
98.71
77.7
47.20
32.28
16.17
2.14
0.38
0.07
98.23
48.75
31.61
15.20
2.67
0.28
0.08
98.59
48.53
31.57
15.15
2.76
0.26
0.08
98.34
80.7 75.9 75.2
48.64
31.68
15.34
2.53
0.27
0.08
98.54
77.0
48.28
31.77
15.50
2.65
0.30
0.08
98.57
76.4
av.
48.27
31.78
15.47
2.55
0.29
0.08
98.44
77.1
49.71
31.19
14.84
3.01
0.34
0.09
99.18
73.2
49.18
31.14
14.33
3.10
0.26
0.07
98.07
71.9
Plagioclase Compositions
Appendix III.
oxides
SiO
2
Al203
CaO
Na20
K20
FeO*
MgO
Total
An content
AII-93-12-7
50.10
30.61
14.33
3.36
nd.
0.23
0.09
98.72
70.2
50.
30.
14.
3.
0.
0.
99.
Plagioclase Compositions
av.
49.77
30.97
14.50
3.13
09
95
51
06
38
09
08
72.4
.30
.09
.76
71.9
49.
31.
14.
2.
0.45
0.09
99.27
73.9
50.19
31.18
14.58
3.11
.30
.09
.44
72.3
av.
49.05
31.45
15.04
2.84
49
31
14
2
0.
0.
99.
73.9
48.71
32.09
15.79
2.39
0.48
0.09
99.56
78.5
0
0
99
.41
.09
.32
74.6
Appendix III. AII-93-12-7 Olivine Compositions
one
oxides av. spot av.
SiO 2  39.73 40.02 39.87 39.55 39.99 39.98 40.04 40.00 40.06 40.30
MgO 48.52 47.75 48.13 47.88 47.88 47.32 47.15 47.45 47.79 47.84
FeO* 10.64 10.74 10.69 11.15 11.18 11.25 11.93 11.46 11.00 11.32
MnO 0.16 0.20 0.18 0.21 0.16 0.20 0.23 0.20 0.23 0.20
NiO 0.26 0.23 0.24 0.17 0.30 0.23 0.27 0.27 0.24 0.19
CaO 0.26 0.31 0.29 0.33 0.29 0.28 0.28 0.28 0.29 0.28
Total 99.55 99.25 99.40 99.29 99.80 99.25 99.90 99.64 99.60 100.13
Fo content 89.1 88.8 89.0 88.5 88.5 88.2 87.6 88.1 88.6 88.3
00
U.1
Appendix III. AII-93-12-7
oxides av. av.
SiO 2  39.99 40.11 40.02 40.39 39.98 39.64 40.01 39.54 39.66 39.39
MgO 47.00 47.54 46.74 47.31 46.92 46.85 46.95 45.18 45.09 45.27
FeO* 11.96 11.43 11.84 11.84 11.76 11.88 11.83 14.01 14.17 14.16
MnO 0.23 0.22 0.22 0.20 0.22 0.26 0.22 0.26 0.27 0.29
NiO 0.21 0.21 0.23 0.24 0.17 0.21 0.21 0.19 0.20 0.23
CaO 0.30 0.29 0.29 0.30 0.31 0.28 0.29 0.29 0.32 0.26
Total 99.70 99.80 99.35 100.29 99.37 99.13 99.52 99.46 99.71 99.59
Fo content 87.5 88.2 87.6 87.7 87.7 87.6 87.6 85.2 85.0 85.1
000
Olivine Compositions
Appendix III. AII-93-12-7
oxides av. av.
Sio2  39.91 39.62 39.81 40.20 39.74 40.14 39.97 39.77 39.70 39.25
MgO 45.23 45.19 48.43 47.86 48.12 47.69 48.02 48.65 48.48 47.22
FeO* 14.66 14.25 10.68 10.77 11.15 11.18 10.94 10.89 10.82 12.09
MnO 0.25 0.27 0.23 0.20 0.20 0.22 0.21 0.21 0.22 0.23
NiO 0.15 0.19 0.26 0.21 0.29 0.24 0.24 0.23 0.26 0.26
CaO 0.29 0.29 0.30 0.31 0.30 0.28 0.30 0.27 0.30 0.29
Total 100.49 99.80 99.71 99.54 99.79 99.75 99.67 100.0] 99.79 99.35
Fo content 84.7 85.0 89.0 88.8 88.6 88.4 88.7 88.8 88.9 87.5
co
Olivine Compositions
Appendix III. AII-93-12-7
oxides av.
SiO 2  39.57
MgO 48.11
FeO* 11.27
MnO 0.25
NiO 0.15
CaO 0.29
Total 100.49
Fo content 88.4
Olivine Compositions
Appendix III. AII-93-12-7
oxides ** av. ** av. ** av.
SiO 2  50.24 49.46 49.85 49.59 50.07 49.83 49.76 9.89 49.83
TiO 2  0.49 0.54 0.52 0.38 0.39 0.39 0.39 0.34 0.37
Al2 03 14.71 13.09 13.90 14.90 14.94 14.92 14.94 14.86 14.90
FeO* 8.11 9.03 8.57 8.11 7.78 7.94 7.93 8.23 8.13
MgO 12.73 14.39 13.56 12.62 12.55 12.59 12.56 12.92 12.74
MnO 0.13 0.17 0.15 0.15 0.17 0.16 0.20 0.14 0.17
CaO 10.84 10.90 10.87 11.30 11.21 11.26 11.41 11.27 11.34
Na20 2.34 1.77 2.06 2.28 2.14 2.31 2.37 2.37 2.37
K20 0.05 0.04 0.05 0.04 0.02 0.03 0.04 0.03 0.04
Total 99.66 99.39 99.54 99.36 99.26 99.45 99.58 100.06 99.89
Mg/Fe* 1.57 1.59 1.58 1.56 1.61 1.59 1.58 1.57 1.57
Mg 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Mol. Mg/Mg+Fe+2
** Indicates analyses are different inclusions from a single crystal.
1*
Inclusions in Plagioclase
Appendix III. AII-93-12-7
oxides ** av. av.
SiO 2  50.09 50.36 50.22 51.60 51.20 50.61 51.14 52.15 52.20 52.11
TiO 2  0.33 0.30 0.32 1.01 1.11 1.09 1.07 1.11 1.07 1.02
Al203  15.03 15.13 15.08 13.83 13.79 13.87 13.83 14.54 14.47 14.43
FeO* 7.76 7.77 7.76 10.41 10.71 10.70 10.61 8.87 8.71 8.80
MgO 12.61 12.57 12.59 8.51 8.59 8.67 8.59 9.18 8.87 9.14
MnO 0.20 0.14 0.16 0.16 0.20 0.17 0.18 0.16 0.15 0.13
CaO 11.16 11.54 11.35 11.09 11.11 11.13 11.11 11.80 11.50 11.39
Na2 0 2.21 2.24 2.22 2.79 2.86 2.76 2.80 2.64 2.79 2.76
Total 99.38 100.09 99.71 99.45 99.61 99.04 99.38 100.56 99.88 99.91
Mg/Fe* 1.63 1.62 1.62 0.82 0.80 0.84 0.81 1.03 1.02 1.04
Mg' 0.76 0.76 0.76 0.62 0.61 0.62 0.62 0.67 0.67 0.67
Mol. Mg/Mg+Fe+2
** Indicates analyses are different inclusions from a single crystal.
0
Inclusions in Plagioclase
Appendix III. AII-93-112-7
one
oxides av. spot ** av. **
SiO 2  52.35 52.73 52.30 50.86 51.23 51.88 51.61 51.89 51.65 51.38
TiO 2  0.98 0.95 1.02 0.93 0.96 1.00 0.93 0.96 0.96 0.83
A1203  15.23 14.52 14.63 14.69 15.12 15.43 15.52 15.09 15.29 15.46
FeO* 8.22 8.32 8.59 7.98 8.11 7.97 7.76 7.92 7.94 7.71
MgO 8.92 8.98 9.01 10.88 10.53 10.49 10.25 10.27 10.38 10.25
MnO 0.15 0.08 0.13 0.25 0.12 0.10 0.13 0.12 0.12 0.11
CaO 11.29 11.55 11.50 11.16 11.28 11.27 11.31 11.10 11.23 11.10
Na 20 2.71 2.73 2.73 2.49 2.45 2.53 2.47 2.50 2.48 2.50
K20 0.09 0.13 0.11 0.08 0.09 0.05 0.06 0.05 0.06 0.06
Total 99.95 99.99 100.03 99.32 99.87 100.71 100.03 99.91 100.11 99.39
Mg/Fe* 1.02 1.08 1.05 1.36 1.30 1.32 1.32 1.30 1.31 1.33
Mg' 2+0.68 0.68 0.68 0.73 0.72 0.72 0,72 0.72 0.72 0.72
mol. Mg/Mg+Fe
** Indicates analyses are different inclusions from a single crystal.
Inclusions in Plagioclase
Appendix III. AII-93-12-7 Inclusions in Plagioclase
one
oxides av. ** av. spotk*
SiO 2  51.79 51.09 51.41 54.19 53.09 53.91 53.73 53.32 52.81
TiO 2  0.90 0.86 0.86 0.92 1.00 0.96 0.96 1.00 0.98
Al2 03 15.61 15.47 15.51 14.16 12.97 14.07 13.73 14.49 11.41
FeO* 7.64 7.77 7.70 8.77 9.20 8.74 8.90 8.48 10.11
MgO 10.02 10.23 10.16 9.71 10.24 9.48 9.80 9.55 13.52
MnO 0.17 0.06 0.11 0.15 0.18 0.13 0.15 0.12 0.17
CaO 11.22 11.19 11.17 11.52 12.36 11.53 11.80 11.62 10.96
Na 20 2.51 2.51 2.50 0.56 0.71 0.55 0.61 0.95 0.46
K20 0.08 0.07 0.07 0.09 0.05 0.08 0.08 0.07 0.08
Total 99.93 99.24 99.50 100.07 99.80 99.44 99.77 99.60 100.49
Mg/Fe* 1.31 1.32 1.32 1.11 1.11 1.08 1.10 1.13 1.34
Mg' 0.72 0.72 0.72 0.69 0.69 0.68 0.69 0.69 0.73
Mol. Mg/Mg+Fe+2
** Indicates analyses are different inclusions from a single crystal.
Appendix III.
oxides
SiO
2
TiO
2
Al203
FeO*
MgO
MnO
CaO
Na2 0
K20
K20
Total
Mg/Fe*
Mg'
Mol. Mg/Mg+Fe+
Inclusions in PlagioclaseAII-93-12-7
av.
52.18 52.49
0.97 0.97
12.00 11.70
9.98 10.04
13.14 13.33
0.20 0.19
10.90 10.93
0.23 0.34
0.05 0.07
99.66 100.05
1.32 1.33
0.72 0.72
Appendix III. All2-93-12-7
oxides av.
SiO 2  51.30 52.04 51.67
TiO 2  0.81 0.93 0.88
Al2 03 16.83 17.20 17.01
FeO* 8.13 7.87 8.00
MgO 6.93 7.13 7.03
MnO 0.12 0.13 0.13
CaO 12.24 12.20 12.22
Na20 2.84 2.90 2.87
K20 0.08 0.08 0.08
Total 99.28 100.48 99.88
Mg/Fe* 0.84 0.91 0.88
Mgl 0.63 0.64 0.64
Mol. Mg/Mg+Fe+2
Inclusion in Olivine
one one
oxides av. spot spot
SiO 2  46.78 45.80 46.41 47.46 46.61 45.80 46.60 50.14 48.11
Al2 3 32.72 33.80 32.97 32.38 32.94 32.99 
32.61 31.00 31.72
CaO 16.35 17.34 16.66 15.89 16.56 16.80 16.46 14.09 15.41
Na 20 2.38 1.63 2.05 2.39 2.J2 1.88 2.03 3.32 2.61
K20 nd.
FeO* 0.47 0.31 0.35 0.37 0.38 0.48 0.32 0.48 0.34
MgO 0.08 0.07 0.08 0.09 0.08 0.09 0.09 0.09 0.09
Total 98.79 98.95 98.52 98.49 98.68 98.03 98.12 99.14 98.26
An content 79.2 85.5 81.8 78.6 81.3 83.2 81.8 70.1 76.6
I,
Plagioclase CompositionsAppendix III. AII-93-12-16
Appendix III. AII-93-12-16 Plagioclase Compositions
oxides av.
SiO 2  48.12 48.05 46.95 49.64 48.50 48.11 48.36 49.21 48.08
Al2 03 32.01 31.97 32.44 30.63 31.63 31.40 31.75 31.43 31.53
CaO 15.50 15.77 16.36 14.09 15.21 15.44 15.68 15.03 15.89
Na 2 0 2.52 2.49 2.20 3.36 2.75 2.71 2.46 2.73 2.50
K20 nd.
FeO* 0.37 0.34 0.32 0.59 0.40 0.44 0.33 0.32 0.38
MgO 0.08 0.09 0.08 0.09 0.09 0.10 0.07 0.08 0.09
Total 98.58 98.70 98.35 98.40 98.57 98.20 98.64 98.81 98.47
An content 77.3 77.8 80.5 69.9 75.4 75.9 78.0 75.3 78.0
Appendix III. AII-93-12-16
oxides av. av. av.
SiO 2  48.22 48.39 48.56 49.07 49.17 48.94 49.50 49.36 49.43
Al2 03 31.21 31.46 31.31 30.64 30.66 30.87 30.50 30.55 30.52
CaO 15.45 15.50 15.09 14.67 14.78 14.84 14.63 14.68 14.66
Na 20 2.63 2.61 2.73 3.16 3.03 2.97 3.17 2.92 3.05
K2 0 nd.
FeO* 0.42 0.38 0.42 0.44 0.43 0.43 0.44 0.45 0.44
MgO 0.09 0.08 0.09 0.10 0.09 0.09 0.09 0.09 0.09
Total 98.01 98.42 98.21 98.08 98.16 98.13 98.35 98.04 98.19
An content 76.5 76.7 75.3 72.0 72.9 73.4 71.9 73.6 72.7
Plagioclase Compositions
Appendix III. AII-93-12-16 Plagioclase Compositions
oxides av.
SiO 2  46.65 45.86 45.58 46.14 46.42 46.67 46.21 46.64 48.41
Al2 03 33.02 33.00 33.27 33.06 32.55 32.77 32.94 32.97 31.19
CaO 16.59 16.99 17.11 16.88 16.80 16.55 16.82 16.55 15.30
Na 2 0 2.05 1.80 1.77 1.88 1.94 1.97 1.90 2.00 2.79
K20 nd.
FeO* 0.41 0.41 0.36 0.34 0.41 0.40 0.39 0.41 0.37
MgO 0.09 0.07 0.07 0.09 0.07 0.07 0.07 0.07 0.08
Total 98.80 98.13 98.16 98.39 98.19 98.43 98.33 98.64 98.14
An content 81.8 83.9 84.2 83.3 82.7 82.3 83.1 82.2 75.2
00
Appendix III. AII-93-12-16
oxides av. av.
SiO 2  48.59 48.41 48.01 49.48 45.66 45.75 45.75 45.38 46.41
Al2 0 3  31.36 31.21 31.68 30.71 33.10 33.32 33.19 33.62 32.79
CaO 15.23 15.25 15.58 14.59 17.30 17.16 16.96 17.35 16.67
Na 20 2.82 2.73 2.58 3.16 1.61 1.56 1.81 1.66 1.96
K20 nd.
FeO* 0.34 0.39 0.38 0.56 0.42 0.43 0.37 0.39 0.43
MgO 0.09 0.09 0.08 0.09 0.07 0.07 0.07 0.07 0.07
Total 98.41 98.08 98.32 98.59 98.16 98.29 98.15 98.46 98.34
An content 75.0 75.6 77.0 71.9 85.6 85.9 83.9 85.4 82.5
Plagioclase Compositions
Appendix III. AII-93-12-16
oxides av.
SiO2  47.42 47.98 47.66 47.70 48.02 47.67 47.33 47.68
Al2 03 32.32 31.89 32.39 32.51 32.09 32.19 32.32 32.24
CaO 16.27 15.66 16.09 16.18 15.66 16.02 16.23 16.01
Na 2 0 2.26 2.34 2.37 2.30 2.59 2.30 2.14 2.33
K2 nd.2
FeO* 0.37 0.36 0.41 0.35 0.29 0.34 0.39 0.36
MgO 0.09 0.09 0.11 0.09 0.10 0.09 0.09 0.09
Total 98.73 98.30 99.02 99.14 98.75 98.61 98.49 98.70
An content 80.0 78.8 79.0 79.6 77.1 79.4 80.8 79.3
1-
Plagioclase Compositions
Appendix III.
oxide
Sio
2
MgO
FeO*
MnO
NiO
CaO
Total
Fo content
AII-93-12-16
39.71
48.76
10.36
0.14
0.27
0.26
99.50
89.4
40.70
48.55
10.44
0.19
0.27
0.27
100.42
89.3
Olivine Compositions
40.36
48.40
10.51
0.21
0.23
0.28
99.98
89.2
av.
40.25
48.57
10.43
0.18
0.26
0.27
99.96
89.3
40.52
48.70
10.27
0.18
0.21
0.30
100.18
89.5
40.14
48.68
10.25
0.17
0.25
0.28
99.77
89.5
40.34
48.61
10.05
0.13
0.28
0.28
99.70
89.6
40.27
48.41
10.79
0.16
0.23
0.26
100.12
88.9
av.
40.31
48.60
10.34
0.16
0.24
0.28
99.93
89.4
Appendix III.
oxide
SiO2
MgO
FeO*
MnO
NiO
CaO
Total
Fo content
AII-93-12-16
39.66
47.79
10.94
0.15
0.19
0.30
99.03
88.6
39.85
47.80
11.15
0.16
0.21
0.28
99.45
88.5
Olivine
40.16
47.91
11.43
0.22
0.21
0.30
100.23
88.2
Compositions
40.52
47.93
11.03
0.23
0.23
0.30
100.25
88.6
39.88
47.71
11.10
0.25
0.24
0.32
99.50
88.5
av.
40.01
47.82
11.13
0.20
0.21
0.32
99.66
88.5
39.80
48.06
11.08
0.16
0.16
0.30
99.55
88.6
39.74
47.98
11.09
0.15
0.15
0.32
99.43
88.6
40.18
47.80
11.13
0.20
0.21
0.36
99.88
88.5
Appendix III.
oxide
Sio
2
MgO
FeO*
MnO
NiO
CaO
Total
Fo content
AII-93-12-16
av.
40.08 39.95
47.80 47.91
10.97 11.07
0.19 0.17
0.19 0.17
0.31 0.32
99.54 99.58
88.6 88.6
Olivine
39.24
46.02
13.48
0.22
0.19
0.30
99.45
85.9
Compositions
40.25
48.38
10.87
0.19
0.18
0.35
100.21
88.8
40.39
48.09
10.87
0.21
0.20
0.29
100.06
88.8
av.
39.96
47.51
11.74
0.20
0.19
0.31
99.91
87.8
39.98
48.38
10.86
0.17
0.22
0.32
99.94
88.8
40.04
48.09
10.44
0.21
0.16
0.31
99.24
89.2
39.99
48.07
10.64
0.17
0.19
0.33
99.38
89.0
Appendix III.
oxide
SiO
2
MgO
FeO*
MnO
NiO
CaO
Total
Fo content
AII-93-12-16
av.
40.13 40.04
48.22 48.19
10.71 10.66
0.20 0.18
0.14 0.17
0.31 0.31
99.70 99.55
88.9 89.0
Olivine Compositions
39.01
46.21
13.78
0.27
0.20
0.36
99.84
85.7
40.12
48.09
11.20
0.20
0.16
0.33
100.11
88.5
39.72
47.95
11.44
0.18
0.21
0.34
99.84
88.2
40.07
47.76
11.53
0.19
0.20
0.30
100.05
88.1
40.00
48.17
10.89
0.16
0.16
0.35
99.73
88.8
av.
39..
47.1
11.
0.:
0.
0.
99.
87.
0
Appendix III. AII-93-12-16
oxide ** av. ** av.
Sio 2  52.69 52.61 52.72 52.75 52.37 52.63 51.90 52.52 52.21
TiO 2  0.88 0.85 0.82 0.83 0.83 0.84 0.89 0.88 0.89
Al2 03 15.50 15.45 15.51 15.45 15.35 15.45 15.57 15.55 15.56
FeO* 7.56 7.84 7.55 7.84 7.80 7.71 7.81 7.90 7.86
MgO 8.66 8.72 8.85 8.84 8.75 8.76 8.88 8.86 8.87
MnO 0.17 0.13 0.19 0.18 0.13 0.16 0.19 0.09 0.14
CaO 11.76 11.75 11.89 11.76 11.71 11.77 11.86 11.64 11.75
Na 20 2.76 2.77 2.70 2.68 2.71 2.72 2.64 2.82 2.73
K 20 0.10 0.13 0.12 0.12 0.12 0.12 0.12 0.14 0.13
Total 100.07 100.23 100.37 100.45 99.76 100.15 99.86 100.39 100.13
Mg/Fe* 1.15 1.11 1.17 1.13 1.12 1.14 1.14 1.12 1.13
Mg' +0.69 0.69 0.70 0.69 0.69 0.69 0.69 0.69 0.69
Mol. Mg/Mg+Fe
** Indicates analyses are different inclusions from a single crystal. H
U1
Inclusions in Plagioclase
Appendix III. AII-93-12-16
one
oxide spot av. ** av.
SiO 2  52.93 52.52 52.78 52.72 52.66 51.82 51.84 51.87 51.84
TiO2  0.89 0.92 0.88 0.89 0.89 0.81 0.79 0.74 0.78
Al2 03 15.38 15.16 15.29 15.23 15.21 15.49 15.31 
15.27 15.36
FeO* 7.96 7.75 7.73 7.95 7.81 8.64 8.38 8.57 8.53
MgO 8.87 8.79 8.91 8.98 8.90 9.15 8.95 8.93 9.01
MnO 0.16 0.15 0.18 0.17 0.16 0.13 0.16 0.13 0.13
CaO 11.78 11.71 11.79 11.67 11.72 11.61 11.69 11.48 11.59
Na20 2.70 2.82 2.58 2.72 2.70 2.74 2.65 2.56 2.65
K2 0 0.13 0.12 0.12 0.14 0.13 0.11 0.13 0.12 0.12
Total 100.80 99.93 100.27 100.46 100.19 100.50 99.89 99.66 100.00
Mg/Fe* 1.11 1.13 1.15 1.13 1.14 1.06 1.07 1.04 1.06
Mg' +20.69 0.69 0.70 0.69 0.69 0.68 0.68 0.67 0.68
Mol. Mg/Mg+Fe
** Indicates analyses are different inclusions in a single crystal.
Inclusions in Plagioclase
Appendix III. AII-93-12-16
oxide ** av. av.
SiO 2  51.16 51.10 51.13 51.86 52.34 51.86 52.02 52.14 52.61
TiO 2  0.87 0.70 0.79 0.71 0.79 0.79 0.76 0.76 0.73
Al2 03 14.14 15.28 14.71 15.11 15.42 15.12 15.22 13.69 15.10
FeO* 9.13 8.59 8.86 7.94 8.21 8.11 8.09 8.61 8.19
MgO 9.48 9.00 9.24 9.10 9.21 9.04 9.11 9.79 9.27
MnO 0.16 0.13 0.15 0.23 0.16 0.20 0.20 0.16 0.15
CaO 11.77 11.46 11.62 11.32 11.42 11.41 11.38 11.49 11.40
Na 20 2.49 2.62 2.55 2.75 2.68 2.68 2.70 2.61 2.80
K 20 0.09 0.14 0.12 0.13 0.10 0.11 0.11 0.11 0.11
Total 99.30 99.02 99.16 99.15 100.32 99.31 99.58 99.34 100.32
Mg/Fe* 1.04 1.05 1.04 1.15 1.12 1.11 1.13 1.14 1.13
Mg' 0.67 0.67 0.67 0.69 0.69 0.69 0.69 0.69 0.69
Mol. Mg/Mg+Fe
** Indicates analyses are different inclusions in a single crystal.
C>
0-
Inclusions in Plagioclase
Appendix III. AII-93-12-16
oxide av. av. av.
SiO 2  52.10 52.29 52.94 51.91 52.42 52.86 52.74 52.41 52.66
TiO 2  0.77 0.75 1.25 1.30 1.27 1.00 1.00 1.19 1.06
Al2 03 15.25 14.68 16.21 16.70 16.46 16.00 
16.06 14.55 15.54
FeO* 7.94 8.25 9.72 10.33 10.02 9.53 9.55 10.27 9.95
MgO 9.04 9.36 6.56 6.46 6.50 6.49 6.53 7.36 6.79
MnO 0.13 0.15 0.15 0.19 0.16 0.16 0.22 0.32 0.23
CaO 11.51 11.46 9.83 10.81 10.32 10.05 10.09 10.10 10.08
Na2 0 2.68 2.69 3.06 3.10 3.08 3.23 3.44 3.19 3.29
K 20 0.13 0.12 0.21 0.13 0.16 0.16 0.18 0.20 0.18
Total 99.55 99.75 99.95 100.93 100.41 99.48 99.80 100.11 99.77
Mg/Fe* 1.14 1.13 0.67 0.63 0.65 0.68 0.68 0.68 0.68
Mg' +20.69 0.69 0.57 0.55 0.56 0.57 0.58 0.57 0.57
Mol. Mg/Mg+Fe
C)CO
Ix
Inclusions in Plagioclase
Appendix III. AII-93-12-16
oxide,
SiO 2  52.96
TiO2  1.20
Al2 03 15.51
FeO* 10.25
MgO 6.59
MnO 0.28
CaO 10.55
Na 20 2.96
K20 0.14
Total 100.49
Mg/Fe* 0.64
Mg' +20.56
Mol. Mg/Mg+Fe
53.11
1.14
15.79
10.15
6.50
0.23
10.64
3.11
0.16
100.82
0.64
0.56
52.24
1.26
13.98
11.17
7.17
0.20
10.24
2.90
0.16
99.56
0.64
0.56
52.32
1.21
15.73
10.10
6.50
0.24
10.48
3.10
0.16
99.84
0.64
0.56
av.
52.62
1.20
15.26
10.42
6.69
0.23
10.52
3.02
0.16
100.16
0.64
0.56
av.
51.02 50.43 50.72
0.24
13.82
8.32
13.93
0.16
11.31
0.53
0.01
99.33
1.67
0.77
0.
14.
8.
13.
0.
11.
0.
0.
99.
1.
0.
0.23
14.06
8.34
13.61
0.18
11.59
0.48
0.00
99.22
1.63
0.76
Inclusions in Plagoiclase
Appendix III. AII-93-12-16
one
oxide spot av.
SiO 2  54.75 51.49 51.79 51.53 51.60
TiC 2  1.39 1.00 1.00 0.96 0.98
Al 2 03  17.99 16.89 17.36 17.24 17.16
FeO* 7.25 7.33 7.24 7.40 7.32
MgO 4.71 7.41 7.38 7.79 7.53
MnO 0.15 0.16 0.20 0.08 0.15
CaO 10.48 12.13 12.06 12.21 12.13
Na 2 0 3.43 2.87 2.81 2.94 2.87
K 20 0.18 0.09 0.08 0.08 0.09
Total 100.34 99.38 99.93 100.25 99.83
Mg/Fe* 0.65 1.01 1.02 1.05 1.03
Mg' +20.56 0.67 0.67 0.68 0.67
Mol. Mg/Mg+Fe
Inclusions in Olivine
Appendix III. AII-93-15-1
oxides av. av.
Sio 2  48.39 46.92 46.77 46.22 46.86 46.84 50.25 50.84 50.59 50.55
Al2 03 32.75 33.34 33.87 34.08 33.76 33.59 30.53 30.31 30.13 30.32
CaO 16.08 17.41 17.48 17.88 17.57 17.33 14.59 14.45 14.33 14.46
Na 2 0 2.26 1.45 1.62 1.32 1.43 1.58 3.20 3.36 3.26 3.27
K20 0.03 0.04 0.03 0.04 0.04 0.03 0.04 0.04 0.05 0.04
FeO* 0.28 0.23 0.25 0.27 0.34 0.27 0.40 0.37 0.37 0.38
MgO 0.09 0.07 0.09 0.08 0.07 0.08 0.11 0.09 0.09 0.09
Total 99.88 99.46 100.11 99.88 100.06 99.73 99.12 99.47 98.82 99.11
An content 79.9 86.9 85.5 88.2 86.9 85.9 71.5 70.4 70.7 70.8
Plagioclase Compositions
Appendix III. AII-93-15-1
oxides av. av.
SiO 2  46.44 46.38 46.55 46.45 48.19 48.69 47.02 47.96 50.06 51.21
Al2 03 33.20 32.93 32.82 32.98 32.37 31.95 
32.25 32.19 30.92 30.37
CaO 17.10 17.22 17.02 17.11 16.57 15.86 16.52 16.32 14.79 14.44
Na 20 1.74 1.62 1.78 1.71 2.04 2.41 2.01 2.15 2.96 3.24
K 20 0.03 0.02 0.02 0.02 0.04 0.01 0.03 0.02 0.04 0.06
FeO* 0.36 0.25 0.30 0.30 0.30 0.30 0.33 0.31 0.43 0.32
MgO 0.07 0.08 0.09 0.08 0.09 0.09 0.09 0.09 0.11 0.11
Total 98.93 98.50 98.59 98.66 99.61 99.31 98.25 99.04 99.31 99.73
An content 84.5 85.5 84.1 84.6 81.8 78.7 82.0 80.9 73.4 71.0
Plagioclase Compositions
Appendix III. AII-93-15-1 Plagioclase Compositions
oxides av. av.
SiO 2  50.66 50.64 47.99 48.16 49.06 48.74 48.48
Al2 03 30.80 30.69 32.86 32.72 32.47 32.43 32.62
CaO 14.68 14.64 16.64 16.39 15.73 15.93 16.18
Na 20 3.14 3.11 1.93 2.15 2.44 2.38 2.22
K20 0.05 0.05 0.05 0.02 0.01 0.04 0.03
FeO* 0.31 0.35 0.36 0.32 0.32 0.45 0.36
MgO 0.10 0.11 0.08 0.09 0.09 0.09 0.09
Total 99.72 99.59 99.92 99.84 100.12 100.05 99.97
An content 72.0 72.1 82.5 80.8 78.2 78.7 80.1
Appendix III. AII-93-15-1
oxides av.
SiO 2  39.66 40.01 39.78 39.68 39.79 39.78 39.89 40.15 
39.96 39.93
MgO 48.25 48.17 47.86 47.98 47.75 48.00 48.63 48.86 48.51 48.99
FeO* 11.56 11.54 11.49 11.72 11.53 11.57 10.52 10.59 10.21 10.26
MnO 0.20 0.14 0.20 0.17 0.27 0.20 0.17 0.17 0.19 0.19
NiO 0.20 0.29 0.19 0.23 0.27 0.23 0.22 0.23 0.27 0.23
CaO 0.24 0.26 0.28 0.26 0.28 0.26 0.26 0.28 0.27 0.28
Total 100.11 100.04 99.80 100.04 99.89 100.04 99.69 100.28 99.41 99.88
Fo content 88.2 88.2 88.2 87.9 88.1 88.1 89.2 89.2 89.5 89.5
Olivine Compositions
Appendix III. AII-93-15-1
oxides av. av.
Sio 2  40.25 40.03 39.53 39.64 39.10 39.52 39.75 39.50 39.61 40.02
MgO 49.04 48.80 47.32 47.75 47.48 47.30 47.44 47.45 48.16 48.19
FeO* 10.70 10.45 12.32 12.50 12.45 12.18 12.31 12.35 11.29 11.64
MnO 0.18 0.18 0.23 0.25 0.23 0.28 0.18 0.23 0.21 0.20
NiO 0.29 0.25 0.17 0.21 0.20 0.21 0.17 0.19 0.23 0.30
CaO 0.26 0.27 0.28 0.28 0.28 0.28 0.29 0.28 0.26 0.25
Total 100.72 99.98 99.85 100.63 99.74 99.77 100.14 100.00 99.76 100.60
Fo content 89.1 89.3 87.3 87.2 87.2 87.4 87.3 87.3 88.4 88.1
I
Uj
Olivine Compositions
Appendix III. AII-93-15-1
oxides av. av.
SiO 2  39.30 39.53 39.25 39.54 39.81 39.26 39.17 39.41 38.36 39.03
MgO 47.84 48.27 47.93 48.07 48.36 47.99 48.69 48.34 48.04 47.72
FeO* 11.41 11.27 11.30 11.38 11.49 11.29 11.30 11.36 12.03 11.81
MnO 0.18 0.22 0.19 0.20 0.25 0.18 0.21 0.21 0.18 0.20
NiO 0.19 0.33 0.25 0.26 0.28 0.26 0.23 0.25 0.21 0.20
CaO 0.30 0.25 0.28 0.26 0.27 0.27 0.27 0.27 0.30 0.30
Total 99.22 99.87 99.20 99.71 100.46 99.25 99.87 99.84 99.12 99.26
Fo content 88.2 88.4 88.3 88.3 88.3 88.4 88.5 88.4 87.7 87.8
f.
Olivine Compositions
Appendix III. AII-93-15-1
oxides av. av.
SiO 2  38.83 39.30 38.88 39.54 39.75 39.64 39.54 39.32 39.13 39.77
MgO 47.80 47.96 47.88 47.63 47.82 47.73 47.95 48.32 48.27 47.93
FeO* 12.11 11.88 11.96 11.20 11.53 11.36 10.94 10.87 11.08 10.81
MnO 0.19 0.35 0.23 0.50 0.20 0.35 0.20 0.19 0.23 0.21
NiO 0.20 0.15 0.19 0.24 0.20 0.22 0.22 0.30 0.21 0.22
CaO 0.29 0.32 0.30 0.30 0.32 0.31 0.27 0.29 0.29 0.30
Total 99.42 99.96 99.44 99.40 99.81 99.60 99.10 99.29 99.22 99.24
Fo content 87.6 87.8 87.7 88.4 88.1 88.3 88.7 88.8 88.7 88.8
Olivine Compositions
Appendix III.
oxides
Sio
2
MgO
FeO*
MnO
NiO
CaO
Total
Fo content
AII-93-15-1
av.
39.44 39.89
48.12 47.74
10.93 11.20
0.20 0.16
0.23 0.14
0.28 0.33
99.20 99.45
88.7 88.4
Olivine
40.16
48.39
10.83
0.22
0.28
0.29
100.17
88.9
Compositions
av.
40.16 40.0
48.41 48.1
10.67 10.9
0.18 0.1
0.23 0.2
0.31 0.3
99.95 99.8
89.0 88.8
.61
.34
.13
.16
.21
.29
.73
.6
40.00
48.42
11.16
0.20
0.22
0.29
100.29
88.6
39.36
47.81
11.35
0.20
0.24
0.31
99.28
88.3
av.
39.65
48.18
11.21
0.18
0.22
0.30
99.75
88.5
40
47
12
0
0
0
10
87
.11
.79
.19
.25
.17
.34
0.84
.5
Appendix III. AII-93-15-1
oxides av. av. av.
SiO 2  40.18 39.80 40.03 40.32 39.74 40.07 40.04 39.72 39.86 39.79
MgO 47.96 47.68 47.81 48.29 48.64 48.80 48.57 49.36 48.99 49.17
FeO* 12.03 12.00 12.07 11.43 11.16 11.20 11.26 10.60 10.89 10.75
MnO 0.21 0.20 0.22 0.20 0.20 0.16 0.19 0.21 0.16 0.18
NiO 0.23 0.26 0.22 0.21 0.18 0.24 0.21 0.21 0.23 0.22
CaO 0.32 0.30 0.32 0.30 0.31 0.34 0.31 0.29 0.31 0.30
Total 100.93 100.24 100.67 100.75 100.23 100.80 100.59 100.38 100.45 100.42
Fo content 87.7 87.7 87.6 88.3 88.6 88.6 88.5 89.3 88.9 89.1
toA
Olivine Compositions
Appendix III.
oxides
SiO
2
MgO
FeO*
MnO
NiO
CaO
Total
Fo content
AII-93-15-1
39.20
47.21
12.13
0.20
0.20
0.32
99.25
87.5
39.66
48.00
11.97
0.20
0.09
0.31
100.23
87.7
Olivine
39.14
47.23
12.05
0.25
0.13
0.31
99.12
87.5
Compositions
av.
39.56 39.39
48.09 47.63
12.06 12.05
0.23 0.22
0.16 0.14
0.32 0.31
100.42 99.74
87.7 87.6
40.39
47.89
11.86
0.13
0.13
0.34
100.73
87.8
40.02
47.46
12.27
0.23
0.11
0.34
100.44
87.4
av.
40.21
47.68
12.06
0.18
0.13
0.34
100.59
87.6
39.81
47.64
11.77
0.21
0.17
0.36
99.96
87.8
39.59
47.42
11.95
0.20
0.14
0.32
99.63
87.6
Appendix III.
oxides
Sio
2
MgO
FeO*
MnO
NiO
CaO
Total
Fo content
AII-93-15-1
39.27
46.80
12.35
0.23
0.15
0.31
99.11
87.2
av.
39.55
47.29
12.02
0.21
0.16
0.33
99.56
87.6
Olivine Compositions
39.34
47.29
12.55
0.25
0.17
0.35
99.94
87.1
39.51
47.28
12.05
0.22
0.14
0.34
99.53
87.5
39.88
47.67
12.30
0.23
0.13
0.37
100.58
87.4
av.
39.57
47.40
12.29
0.23
0.14
0.35
100.00
87.3
40.71
47.97
11.02
0.20
0.13
0.28
100.30
88.6
39
48
10
0
0
0
99
88
.68
.14
.77
.17
.18
.29
.23
.9
39.85
48.04
10.92
0.22
0.18
0.31
99.51
88.7
40.07
48.45
10.64
0.19
0.19
0.31
99.84
89.1
Appendix III.
oxides
Sio
2
MgO
FeO*
MnO
NiO
CaO
Total
Fo content
AII-93-15-1
av.
39.87 39.2
48.21 48.4
10.77 10.7
0.19 0.1
0.18 0.2
0.30 0.3
99.52 99.0
88.9 89.0
Olivine
39.96
48.80
10.80
0.15
0.20
0.31
100.22
89.0
Compositions
av.
39.59 39.
48.60 47.
10.75 11.
0.16 0.
0.22 0.
0.31 0.
99.63 99.
89.0 87.
39
48
11
0
0
0
99
88
.62
.08
.45
.20
.19
.31
.85
.2
av.
39.50
47.93
11.58
0.20
0.16
0.31
99.67
88.1
39.49
48.02
11.19
0.20
0.16
0.28
99.33
88.5
39.
47.
11.
0.
0.
0.
99.
88.
av.
39.40
47.95
11.36
0.20
0.19
0.30
99.39
88.3
Appendix III. AII-93-15-1
oxides av. av.
SiO 2  39.59 39.80 39.70 40.12 39.58 39.79 39.83 39.22 39.70
MgO 47.45 48.11 48.03 48.58 48.45 49.09 48.70 48.02 48.47
FeO* 11.04 11.02 11.03 10.46 10.38 10.29 10.38 11.19 10.52
MnO 0.18 0.19 0.19 0.13 0.20 0.16 0.16 0.19 0.18
NiO 0.20 0.24 0.22 0.18 0.14 0.24 0.19 0.21 0.24
CaO 0.29 0.27 0.28 0.27 0.29 0.33 0.29 0.33 0.27
Total 99.24 99.64 99.44 99.73 99.05 99.90 99.55 99.16 99.38
Fo content 88.6 88.6 88.6 89.2 89.3 89.5 89.4 88.5 89.2
Olivine Compositions
Inclusions in Plagioclase
oxides
SiO 2  52.23
TiO2  0.79
Al2 03 15.70
FeO* 7.76
MgO 9.66
MnO 0.16
CaO 11.78
Na 20 2.22
K20 0.13
Total 100.44
Mg/Fe* 1.24
Mg +2 0.71
Mol Mg/Mg+Fe
51.95
0.76
15.77
7.56
9.48
0.19
11.96
2.49
0.15
100.31
1.25
0.71
52.29
0.73
15.76
7.80
9.72
0.16
11.94
2.39
0.14
100.93
1.25
0.71
av.
52.16
0.76
15.74
7.70
9.62
0.17
11.89
2.36
0.14
100.54
1.25
0.71
av.
51.79
0.80
15.48
7.62
8.84
0.18
11.86
2.47
0.11
99.05
1.16
0.70
51.
0.
15.
7.
9.
0.
11.
2.
0.
99.
1.
0.
77
78
49
61
08
20
86
46
11
36
19
70
51.93
0.82
15.66
7.70
9.03
0.16
11.98
2.47
0.09
99.86
1.17
0.70
51
0
15
7
8
0
11
2
0
99
1
0
.83
.80
.54
.64
.98
.18
.86
.47
.11
.41
.18
.70
51.77 51.52
0.69
14.57
8.43
10.23
0.11
11.96
2.27
0.09
100.12
1.21
0.71
0.66
15.28
7.76
9.55
0.13
12.27
2.42
0.07
99.66
1.23
0.71
Appendix III. AII-93-15-1
Appendix III. AII-93-15-1
oxides av. av. av.
SiO 2  51.64 52.39 51.89 52.38 52.22 52.29 51.55 51.91 51.90 51.64
TiO 2  0.67 0.68 0.70 0.70 0.60 0.72 0.72 0.74 0.73 0.71
Al2 03 14.98 15.15 15.18 15.07 15.13 15.51 15.25 15.43 15.39 
15.55
FeO* 8.09 7.93 7.61 7.56 7.70 7.92 8.03 7.65 7.87 7.60
MgO 9.89 9.30 9.21 9.44 9.31 9.18 9.17 9.15 9.16 9.46
MnO 0.12 0.10 0.09 0.01 0.06 0.13 0.07 0.12 0.11 0.10
CaO 12.11 11.83 11.86 11.68 11.79 12.22 11.85 12.09 12.05 11.93
Na 20 2.34 2.61 2.46 2.41 2.49 2.44 2.53 2.52 2.50 2.43
K 20 0.08 0.07 0.08 0.07 0.07 0,08 0.09 0.08 0.09 0.08
Total 99.87 100.07 99.08 99.31 99.47 100.48 99.27 99.68 99.80 99.51
Mg/Fe* 1.22 1.17 1.21 1.25 1.21 1.16 1.14 1.20 1.16 1.24
Mg' 0.71 0.70 0.71 0.71 0.71 0.70 0.69 0.70 0.70 0.71
Mol Mg/Mg+Fe+2
Hn
I-
Inclusions in Plagioclase
Appendix III. AII-93-15-1
oxides av. av. **
SiO 2  51.51 51.61 51.58 52.55 52.36 52.46 52.68 52.13 52.96 52.95
TiO 2  0.73 0.77 0.73 0.59 0.56 0.57 1.16 1.76 1.11 1.12
Al 2 03  15.32 14.73 15.20 15.27 15.07 15.17 15.47 10.03 15.52 15.73
FeO* 7.71 7.91 7.74 7.82 7.94 7.88 8.95 11.84 8.98 8.66
MnO 0.11 0.09 0.10 0.09 0.11 0.09 0.09 0.17 0.14 0.13
CaO 11.86 11.83 11.88 12.08 12.22 12.15 11.45 12.60 11.72 11.66
Na 20 2.49 2.40 2.44 2.50 2.51 2.50 2.37 0.37 0.82 0.35
K 20 0.08 0.09 0.08 0.09 0.09 0.09 0.07 0.08 0.12 0.09
Total 99.24 99.17 99.28 100.43 100.68 100.54 100.34 99.84 99.15 98.47
Mg/Fe* 1.22 1.23 1.23 1.21 1.24 1.22 0.90 0.916 0.867 0.898
Mg' +2 0.71 0.71 0.71 0.71 0.71 0.71 0.64 0.64 0.63 0.64
Mol Mg/Mg+Fe
** Indicates analyses are different inclusions from a single crystal.
Inclusions in Plagioclase
Appendix III. AII-93-15-1 Inclusions in Plagioclase
oxides av. ** av. **
Sio 2  52.45 52.63 51.99 52,91 52.89 53.30 52.68 53.12 52.81 53.03
TiO 2  1.59 1.39 1.66 1.19 1.12 1.14 1.28 1.24 1,27 1.19
Al2 03 10.30 12.94 10.82 14.67 15,65 15.67 14.23 13.64 
14.13 14.63
FeO* 11.68 10.29 10.96 9.62 8.85 8.84 9.51 10.02 9.64 9.77
MgO 10.55 9.23 10.62 8.42 8.00 7.93 8.89 9.12 8.82 8.45
MnO 0.15 0.15 0.20 0.12 0.11 0.09 0.16 0.13 0.13 0.12
CaO 12.34 12.08 12.55 11.89 11.75 11.76 11.98 11.89 11.96 11.49
Na 20 0.43 0.50 1.08 0.43 0.74 1.18 0.71 0.59 0.79 0.40
K 20 0.08 0.09 0.07 0.10 0.12 0.09 0.13 0.10 0.10 0.12
Total 99.57 99.29 99.93 99.36 99.22 100.00 99.57 99.86 99.65 99.20
Mg/Fe* 0.903 0.90 0.969 0.875 0.904 0.897 0.935 0.910 0.91 0.865
Mg' +2 0.64 0.64 0.66 0.63 0.64 0.64 0.65 0.64 0.64 0.63
Mol Mg/Mg+Fe
** Indicates analyses are different inclusions from a single crystal.
Appendix III. AII-93-15-1
oxides av. av.
Sio 2  53.50 53.12 53.94 52.98 53.11 52.63 52.69 52.62 52.64 51.76
TiO 2  1.12 1.12 1.18 1.16 1.18 0.89 0.88 0.89 0.88 0.58
Al2 03 15.73 15.75 15.82 15.48 15.18 15.37 15.46 15.43 
15.41 15.79
FeO* 8.88 8.81 8.74 9.05 9.22 7.66 7.91 7.59 7.72 7.41
MgO 8.20 7.82 8.20 8.09 8.20 8.92 9.03 8.96 8.96 10.15
MnO 0.11 0.10 0.10 0.11 0.12 0.12 0.15 0.12 0.13 0.17
CaO 11.79 11.78 11.91 11.59 11.68 12.05 12.13 12.25 12.14 12.45
Na 20 o.77 0.68 0.83 1.54 0.87 2.55 2.51 2.53 2.54 2.24
K 20 0.11 0.11 0.09 0.09 0.10 0.07 0.08 0.06 0.04 0.14
Totql 100.21 99.29 100.82 100.11 99.66 100.25 100.84 100.45 100.49 100.70
Mg/Fe* 0.923 0.888 0.938 0.894 0.89 1.16 1.14 1.18 1.16 1.37
Mg' +2 0.65 0.64 0.64 0.64 0.64 0.70 0.69 0.70 0.70 0.73
Mol Mg/Mg+Fe
I'
Inclusions in Plagioclase
Appendix III. AII-93-15-1
oxides av. av.
Sio 2  51.98 51.78 5i.84 51.39 51.12 51.47 50.55 50.68 50.96 51.99
TiO2  0.64 0.64 0.62 0.68 0.61 0.63 0.64 0.66 0.64 1.01
Al2 03 15.63 15.64 15.68 15.79 15.31 15.29 15.20 15.39 15.30 15.77
FeO 7.39 7.49 7.43 7.85 7.44 7.60 7.42 7.48 7.49 8.17
MgO 10.10 9.96 10.07 9.90 10.25 10.13 10.15 10.20 10.18 8.29
CaO 12.70 12.56 12.57 11.84 12.59 12.57 12.57 12.50 12.56 11.92
Na 2 0 2.21 2.23 2.22 2.32 2.25 2.32 2.30 2.54 2.32 2.71
K 20 0.15 0.15 0.14 0.11 0.15 0.12 0.13 0.14 0.14 0.10
Total 100.85 100.55 100.68 100.03 99.92 100.29 99.10 99.71 99.77 100.10
Mg/Fe* 1.37 1.33 1.36 1.26 1.38 1.33 1.37 1.36 1.36 1.01
Mg' +2 0.73 0.72 0.73 0.71 0.73 o.73 0.73 0.73 0.73 0.67
Mol Mg/Mg+Fe
N)
Inclusions in Plagioclase
Appendix III. AII-93-15-1
oxides
SiO
2
TiO
2
Al203
FeO*
MgO
MnO
CaO
Na2 0
K20
Total
Mg/Fe*
52.34
1.02
15.86
8.34
8.24
0.17
12.02
2.78
0.09
100.86
0.99
Mg +2 0.66
Mol Mg/Mg+Fe
av.
52.16
1.01
15.82
8.25
8.26
0.15
11.97
2.74
0.09
100,46
1.00
0.66
50.97
0.60
15.45
7.72
9.48
0.05
12.30
2.36
0.09
99.04
1.23
51.38
0.64
15.34
7.70
9.19
0.14
12.25
2.46
0.12
99.20
1.19
51.40
0.61
15.37
7.60
9.36
0.14
12.27
2.50
0,09
99.36
1.23
0.71 0.70 0.71
51.46
0.59
15.70
7.65
9.27
0.15
12.29
2.35
0.09
99.55
1.21
av.
51.30
0.61
15.47
7.66
9.32
0.12
12.27
2.41
01.09
99.26
1.22
52.39
0.79
15.48
8.84
7.52
0.20
12.07
2.71
0.13
100.13
0.85
52.19
0.78
15.45
8.71
7.52
0.15
12.04
2.80
0.13
99.77
0.86
0.71 0.71 0.63 0.63
52.96
0.79
15.51
8.93
7.47
0.16
12.04
2.60
0.14
100.63
0.84
0.62
Inclusions in Plagioclase
Appendix III. AII-93-15-1 Inclusions in Plagioclase
oxides av. av.
SiO 2  52.51 51.95 51.78 51.86
TiO 2  0.79 0.77 0.79 0.78
Al2 03 15.48 15.54 15.30 15.42
FeO* 8.82 7.89 8.19 8.04
MgO 7.50 9.47 9.36 9.41
MnO 0.16 0.17 0.18 0.81
CaO 12.06 12.15 11.96 12.05
Na 20 2.70 2.40 2.54 2.46
K 20 0.13 0.11 0.12 0.12
Total 100.16 100.44 100.21 100.32
Mg/Fe* 0.85 1.20 1.14 1.17
MgM g +2 0.63 0.70 0.69 0.70
Mol Mg/Mg+Fe 2
Appendix III. AII-93-15-1
oxides ** av. ** av.
Sio 2  52.60 52.37 52.46 52,60 52.51 51.78 51.01 51.84 51.80 51.61
TiO 2  0.97 0.95 0.89 0.98 0.95 1.04 1.01 1.08 0.02 0.04
Al2 03 16.95 16.56 16.77 16.60 16.72 16.08 15.91 16.46 16.08 16.13
FeO* 7.62 7.61 7.53 7.63 7.60 8.57 8.61 8.51 8.67 8.59
MgO 6.88 7.70 7.68 7.64 7.48 7.40 7.63 6.14 7.13 7.07
MnO 0.04 0.12 0.10 0.10 0.10 0.14 0.15 0.16 0.18 0.16
CaO 12.55 12.15 12.27 12.33 12.33 12.24 11.88 12.51 12.13 12.19
Na20 2.65 2.57 2.61 2.44 2.57 2.84 2.72 2.89 2.84 2.82
K20 0.09 0.09 0.09 0.09 0.09 0.10 0.09 0.09 0.09 0.09
Total 100.39 100.14 100.39 100.41 100.35 100.18 99.00 99.68 99.93 99.69
Mg/Fe* 0.90 1.01 1.02 1.00 0.98 0.86 0.84 0.72 0.82 0.82
Mg' +2 0.64 0.67 0.62 0.66 0.66 0.63 0.64 0.59 0.62 0.62
Mol Mg/Mg+Fe
** Indicates analyses are different inclusions in a single crystal.
Inclusions in Olivine
Appendix III. AII-93-15-1
oxides **
SiO 2  51.81
TiO2  0.86
Al2 03 16.62
FeO* 7.89
MgO 7.54
MnO 0.18
CaO 12.46
Na 20 2.69
K20 0.09
Total 100.21
Mg/Fe* 0.96
Mg' g+ 2 0.65
Mol Mg/Mg+Fe
** Indicates analyses
av.
52.14
0.86
16.38
7.79
7.86
0.15
12.21
2.71
0.09
100.18
1.01
0.67
51.75
0.89
16.64
7.73
7.98
0.16
12.21
2.68
0.08
100.11
1.03
0.67
52.29
0.87
16.58
7.73
7.95
0.16
12.38
2.61
0.09
100.66
1.03
0.67
are different inclusions
52.44
0.89
16.32
7.89
7.71
0.16
12.30
2.60
0.09
100.40
0.98
0.66
from a
52.09
0.88
16.50
7.80
7.80
0.16
12.31
2.66
0.09
100.29
1.00
0.66
51.83
1.05
15.88
8.55
7.36
0.12
12.29
2.78
0.11
99.96
0.86
0.63
52
1
16
8
6
0
12
2
0
99
0
.06
.17
.27
.21
.39
.14
.20
.98
.09
.51
.78
52.10
1.00
16.10
8.46
6.64
0.17
12.34
2.94
0.08
99.84
0.78
0.61 0.61 0.62
single crystal.
av.
51.
1.
16.
8.
6.
0.
12.
2.
0.
99.
0.
Inclusions in Olivine
Appendix III. AII-93-15-1
oxides
SiO
2
TiO
2
Al 203
FeO*
MgO
MnO
CaO
Na2 0
K20
Total
Mg/Fe*
one
spot
50.96
1.13
15.57
9.07
7.67
0.15
12.16
2.76
0.09
99.57
0.85
MgMg+2 0.63Mol Mg/Mg+Fe~2 06
** Indicates analyses are different inclusions from a
**
51.34
1.18
15.70
8.62
7.95
0.24
11.89
2.82
0.11
99.83
0.92
0.65
50.71
1.08
15.71
8.79
7.75
0.18
11.93
2.79
0.13
99.07
0.88
0.64
51.59
1.24
15.81
8.72
6.54
0.14
12.17
2.68
0.09
99.02
0.76
0.60
av.
51.15
1.15
15.70
8.80
7.49
0.17
12.04
2.76
0.11
99.36
0.85
0.63
**
51.20
1.00
15.38
9.10
7.46
0.23
12.16
2.61
0.08
99.22
0.82
0.62
50.82
1.01
15.45
8.89
7.24
1.27
12.35
3.01
0.12
100.16
0.81
0.62
av.
51.01
1,00
15.41
9.00
7.35
0.75
12.25
2.81
0.09
99.68
0.82
0.62
Inclusions in Olivine
single crystal.
Appendix III. AII-93-15-3 Plagioclase Compositions
oxides av.
SiO 2  51.94 51.75 51.40 49.64 48.15 51.93 50.09 50.50 50.22 50.68
Al203  29.71 29.58 30.32 31.23 32.89 29.92 31.18 30.86 30.66 30.71
CaO 13.46 12.90 13.82 14.88 15.96 13.45 14.67 14.28 14.35 14.37
Na20 3.63 3.87 3.61 2.58 2.31 3.39 2.82 3.10 3.04 3.36
K20 0.03 0.05 0.06 0.06 0.03 0.05 0.04 0.05 0.05 0.06
FeO* 0.34 0.38 0.42 0.37 0.29 0.42 0.26 0.36 0.38 0.32
MgO 0.09 0.08 0.07 0.06 0.05 0.08 0.08 0.07 0.09 0.09
Total 99.20 98.60 99.71 98.83 99.68 99.25 99.14 99.20 98.79 99.59
An content 67.1 64.8 67.8 76.0 79.2 68.5 74.5 71.8 72.2 70.1
L1
Appendix III. AII-93-15-3
oxide
SiO
2
Al203
CaO
Na20
K20
FeO*
MgO
Total
An content
50.35
30.45
14.16
3.17
0.04
0.39
0.09
98.65
71.1
av.
50.41
30.60
14.29
3.19
0.05
0.37
0.09
99.00
71.2
50.
30.
14.
3.
0.
0.
0.
99.
70.2
50.61
30.36
14.27
3.00
0.04
0.37
0.11
98.75
50.
30.
14.
3.
0.
0.
0.
99.
72.3 72.3
av.
50.69
30.54
14.21
3.10
0.04
0.44
0.12
99.14
71.7
one
spot
47.62
32.06
16.11
2.23
0.05
0.32
0.11
98.50
79.8
.13
.16
.96
.04
.03
.37
.07
.77
81.2
49.
31.
14.
2.
0.
0.
0.
98.
48
31
15
2
0
0
0
98
.36
.85
.45
,41
.05
.36
.12
.61
75.7 77.9
Plagioclase Compositions
Appendix III. AII-93-15-3
oxide av av.
Sio 2  48.88 49.75 48.83 46.16 46.56 46.64 47.50 46.71 49.36 49.84
Al2 03 31.80 31.27 31.71 33.73 33.37 33.09 32.75 33.23 
30.50 30.58
Cao 15.54 14.84 15.35 16.76 16.63 16.76 16.15 16.57 14.46 14.63
Na 20 2.47 2.79 2.47 1.67 1.77 1.70 2.04 1.79 3.19 3.21
K 20 0.04 0.05 0.04 0.04 0.03 0.03 0.04 0.03 0.05 0.07
FeO* 0.31 0.31 0.32 0.26 0.27 0.32 0.36 0.30 0.35 0.32
MgO 0.10 0.08 0.09 0.07 0.08 0.07 0.07 0.07 0.09 0.09
Total 99.13 99.10 98.82 98.69 98.71 98.61 98.91 98.71 98.00 98.75
An content 77.6 74.5 77.4 84.9 83.9 84.4 81.3 83.6 71.4 71.4
H
Plagioclase Compositions
Appendix III. AII-93-15-3 Plagioclase Compositions
oxide av. av.
SiO 2  49.56 49.58 48.28 48.09 48.60 46.55 49.30 48.16 49.54 48.16
Al2 03 30.48 30.52 32.28 31.65 31.78 33.30 31.40 32.08 31.21 
31.96
CaO 14.31 14.47 15.73 15.50 15.31 16.78 14.51 15.57 14.62 15.77
Na 0 3.23 3.21 2.31 2.54 2.68 1.76 2.85 2.42 3.09 2.472
K 20 0.05 0.06 0.01 0.05 0.05 0.05 0.05 0.04 0.04 0.05
FeO* 0.32 0.33 0.31 0.33 0.32 0.31 0.39 0.33 0.34 0.25
MgO 0.09 0.09 0.08 0.09 0.08 0.06 0,09 0.08 0.10 0.09
Total 98.04 98.25 99.00 98.25 98.82 98.82 98.59 98.68 98,93 98.75
An content 70.8 71.2 79.1 77.0 75.9 83.9 73.6 78.0 72.4 77.7
CO
Appendix III.
oxide
SiO
2
Al203
CaO
Na2 0
K20
FeO*
MgO
Total
An content
AII-93-15-3
48.30
32.35
15.99
2.29
0.03
0.34
0.08
99.38
79.4
48.16
31.57
15.48
2.43
0.05
0.36
0.09
98.14
77.8
Plagioclase Compositions
av.
48.54
31.77
15.46
2.57
0.04
0.32
0.09
98.78
77.9
Appendix III.
oxide
SiO
2
MgO
FeO*
MnO
NiO
CaO
Total
Fo content
AII-93-15-3
one one
spot spot
40.03 39.78
47.76 47.30
10.78 11.57
0.20 0.20
0.22 0.15
0.32 0.33
99.30 99.33
88.8 88.0
Olivine Compositions
38.93
47.88
11.64
0.29
0.18
0.32
99.22
88.0
39.80
47.87
11.35
0.19
0.19
0.30
99.70
88.3
39.66
48.33
11.14
0.23
0.13
0.33
9982
88.6
av.
39.46
48.02
11.38
0.23
0.16
0.31
99.56
88.3
39.53
47.82
11.92
0.20
0.15
0.35
99.98
87.8
39.49
47.76
11.70
0.20
0.21
0.36
99.73
87.9
39.76
47.76
11.78
0.20
0.16
0.34
99.99
87.9
av.
39.59
47.78
11.80
0.20
0.17
0.35
99.89
87.8
Appendix III. AII-93-5-3 Olivine Compositions
oxide av. av.
SiO 2  40.07 40.16 40.38 40.20 39.96 39.93 40.26 40.05 39.68 40.20
MgO 47.96 47.68 48.04 47.89 48.13 48.50 48.86 48.50 48.12 47.32
FeO* 11.11 11.53 11.63 11.43 10.75 10.55 10.11 10.47 11.84 11.85
MnO 0.21 0.25 0.21 0.22 0.21 0.13 0.16 0.16 0.22 0.23
NiO 0.19 0.23 0.21 0.21 0.10 0.12 0.19 0.13 0.17 0.17
CaO 0.32 0.30 0.30 0.31 0.35 0.31 0.28 0.31 0.34 0.31
Total 99.87 100.16 100.77 100.26 99,50 99.54 99.86 99.62 100.36 100.08
Fo content 88.5 88.1 88.1 88.2 88.9 89.1 89.6 89.2 87.9 87.7
Appendix III. AII-93-15-3
oxide av. av. av.
SiO 2  39.75 39.88 40.09 40.02 40.45 40.18 40.08 40.17 40.15 40.13
MgO 47.32 47.58 48.04 47.65 48.16 47.95 48.23 47.91 47.95 48.02
FeO* 11.79 11.82 11.00 11.46 11.08 11.18 10.38 10.39 10.75 10.50
MnO 0.31 0.25 0.22 0.22 0.22 0.22 0.15 0.22 0.18 0.18
NiO 0.14 0.16 0.19 0.26 0.13 0.19 0.14 0.18 0.19 0.17
CaO 0.30 0.31 0.31 0.33 0.33 0.32 0.28 0.34 0.32 0.31
Total 99.59 100.00 99.84 99.93 100.37 100.03 99,26 99.20 99.52 99.31
Fo content 87.8 87.8 88.6 88.1 88.6 88.5 89.3 89.2 88.9 89.1
Olivine Compositions
Appendix III.
oxide
Sio
2
MgO
FeO*
MnO
NiO
CaO
Total
Fo content
AII-93-15-3
38.87
47.74
11.73
0.25
0.17
0.38
99.14
87.9
38.88
47.98
11.47
0.23
0.12
0.40
99.09
88.2
Olivine Compositions
38.99
48.30
11.69
0.23
0.13
0.40
99.75
88.1
38.91
48.01
11.63
0.23
0.14
0.40
99.32
88.1
39.46
47.04
12.11
0.22
0.16
0.36
99.35
87.4
39.51
47.15
12.07
0.22
0.14
0.36
99.46
87.5
39.99
46.95
11.82
0.22
0.18
0.31
99.48
87.6
39.65
47.04
12.00
0.22
0.16
0.34
99,41
87.5
39.82
47.16
11.88
0.19
0.19
0.38
99.62
87.6
40.13
47.45
11.63
0.21
0.17
0.37
99.96
88.0
I
Appendix III. AII-93-15-3 Olivine Compositions
one
oxide av. spot av.
Sio 2  39.98 39.39 39.71 39.78 39.79 39.68 39.74 39.60 39.93 39.68
MgO 47.30 46.70 47.22 47.46 47.62 47.33 47.41 47.20 47.16 46.92
FeO* 11.75 12.33 11.84 11.80 11.75 11.82 11.80 11.83 11.95 12.37
MnO 0.20 0.17 0.23 0.23 0.19 0.25 0.22 0.21 0.18 0.20
NiO 0.18 0.21 0.16 0.19 0.15 0.11 0.15 0.17 0.18 0.20
CaO 0.37 0.32 0.32 0.30 0.31 0.30 0.30 0.36 0.34 0.35
Total 99.77 99.12 99.48 99.76 99.80 99.48 99.63 99.38 99.74 99.71
Fo content 87.8 87.1 87.7 87.8 87.9 87.7 87.8 87.7 87.6 87.2
Ok
Appendix III. AII-93-15-3
oxide av. av.
SiO 2  39.74 40.00 39.93 39.96
MgO 47.09 47.44 47.11 47.27
FeO* 12.05 11.66 11.70 11.68
MnO 0.20 0.18 0.25 0.22
NiO 0.18 0.13 0.20 0.16
CaO 0.35 0.34 0.36 0.35
Total 99.60 99.75 99.54 99.64
Fo content 87.5 87.9 87.8 87.9
UI
Olivine Compositions
Appendix III.
Oxides
SiO
2
TiO
2
Al203
FeO*
MgO
MnO
CaO
Na20
K2 0O
Total
Mg/Fe*
AII-93-15-3
One
Spot
50.89
0.50
19.00
5.94
7.79
0.12
12.79
2.33
0.08
99.44
1.31
One
Spot
52.98
0.69
16.04
8.36
8.12
0.15
11.38
2.75
0.14
100.62
0.09
Inclusions in Plagioclase
One
Spot
51.52
0.63
15.84
7.23
9.23
0.13
11.79
2.74
0.07
99.18
1.28
50.80
1.02
11.23
9.69
12.20
0.25
12.21
1.91
0.08
99.38
1.26
51.34
0.72
15.63
7.69
9.45
0.10
11.86
2.50
0.10
99.39
1.23
Mg
Mol. Mg/Mg+Fe+2
0.72 0.66 0.72 0.71 0.71
51.23
0.72
15.72
7.86
9.43
0.13
11.86
2.44
0.09
99.50
1.20
52.16
0.75
15.86
7.87
9.58
0.13
11.80
2.66
0.08
100.95
1.22
52.09
0.70
15.84
7.63
9.62
0.15
11.92
2.60
0.09
100.52
1.26
av.
51.52
0.78
14.87
8.14
10.05
0.15
12.05
2.42
0.09
99.94
1.23
52.47
0.63
15.59
6.96
8.81
0.12
12.08
2.79
0.08
99.49
1.27
0.70 0.71 0.71 0.71 0.71
Appendix III. AII-93-15-3
oxide
SiO 2  52.95
TiO2  0.68
Al 0 15.64
2 3
FeO* 3.89
MgO 8.90
MnO 0.13
CaO 12.08
Na 20 2.50
K20 0.07
Total 99.85
Mg/Fe* 1.29
Mg' 0.72
Mol. Mg/Mg+Fe+2
52.29
0.68
16.29
6.66
8.59
0.11
11.93
2.55
0.14
99.21
1.29
0.72
av.
52.27
0.66
15.84
6.84
8.76
0.12
12.02
2.61
0.10
99.24
1.28
0.72
51.40
0.72
15.43
7.41
9.66
0.09
11.86
2.50
0.09
99.07
1.30
0.72
av. **
51.77
0.74
16.00
7.31
9.50
0.13
11.80
2.74
0.08
100.06
1.30
0.72
51.58
0.73
15.71
7.36
9.58
0.11
11.83
2.57
0.09
99.55
1.30
0.72
av.
51.89 52.08 51.73 51.90
0.88
14.76
8.17
9.18
0.12
11.95
2.37
0.09
99.41
1.12
0.69
0.84
15.84
7.45
8.48
0.11
11.96
2.75
0.07
99.58
1.14
0.69
0.79
15.63
7.66
8.57
0.20
12.04
2.66
0.08
99.37
1.12
0.69
0.84
15.41
7.76
8.74
0.14
11.99
2.59
0.08
99.43
1.13
0.69
** Indicates analyses are different
Inclusions in Plagioclase
inclusions from a single crystal.
Appendix III. AII-93-15-3 Inclusions in Plagioclase
one
oxide av. av. spot
SiO 2  51.64 50.86 51.16 51.21 51.91 52.11 52.01 51.26
TiO 2  0.82 1.02 0.98 0.94 1.12 1.06 1.09 0.79
A20 3 15.70 13.21 13.40 14.11 15.80 15.89 15.85 14.84
FeO* 7.46 8.97 9.89 8.44 7.95 8.08 8.02 8.14
MgO 8.79 10.08 10.02 9.63 7.63 7.07 7.66 9.96
MnO 0.16 0.19 0.16 0.17 0.13 0.18 0.16 0.13
CaO 11.80 12.45 12.40 12.21 11.97 11.81 11.89 11.81
Na20 2.71 2.23 2.28 2.41 2.70 2.85 2.78 2.63
K20 0.09 0.08 0.07 0.08 0.09 0.09 0.09 0.11
Total 99.19 99.10 99.36 99.20 99.31 99.78 99.53 99.66
Mg/Fe* 1.18 1.12 1.13 1.14 0.96 0.88 0.96 1.22
Mg' 0.70 0.69 0.69 0.69 0.66 0.63 0.65 0.71
Mol. Mg/Mg+Fe+2
** Indicates analyses are different inclusions from a single crystal.
Appendix III. AII-93-15-3 Inclusions in Olivine
one
oxide av. spot ** av. **
Sio2 52.64 52.62 51.89 52.38 50.75 52.02 52.43 52.22 51.99 52.28
TiO 2  1.02 1.14 1.04 1.07 1.08 1.08 1.12 1.09 1.16 1.19
Al2 03 16.82 16.96 15.95 16.58 15.76 16.95 17.24 17.09 17.73 17.76
FeO* 7.52 7.82 8.53 7.96 8.38 8.12 8.05 8.08 7.89 7.83
MgO 7.20 5.99 7.30 6.82 9.46 6.75 6.39 6.57 5.58 5.46
MnO 0.16 0.15 0.13 0.14 0.15 0.16 0.16 0.16 0.17 0.23
CaO 11.00 11.86 11.98 11.61 11.38 12.50 12.63 12.57 12.64 12.35
Na20 3.14 2.95 2.66 2.92 2.78 2.89 2.86 2.88 3.08 3.05
K 20 0.13 0.14 0.12 0.13 0.10 0.09 0.07 0.08 0.07 0.07
Total 99.62 99.63 99.60 99.60 99.82 100.56 100.95 100.75 100.33 100.12
Mg/Fe* 0.96 0.77 0.86 0.86 1.13 0.83 0.79 0.81 0.71 0.70
Mg' 0.65 0.60 0.63 0.63 0.69 0.62 0.61 0.62 0.58 0.58
Mol. Mg/Mg+Fe+2
** I ndicates analyses are different inclusions from a single crystal.
Appendix III. AII-93-15-3
oxide av. ** av. av.
Sio 2  52.13 52.04 52.08 52.06 52.13 52.23 52.17 52.52 51.66 51.96
TiO 2  1.18 1.20 1.20 1.20 1.12 1.18 1.14 1.16 1.16 1.19
Al2 03 17.70 16.43 16.84 16.63 16.70 17.34 17.02 16.77 16.28 
18.17
FeO* 7.86 8.35 8.26 8.31 8.32 8.33 8.32 8.13 8.57 8.62
MgO 5.52 6.98 6.36 6.67 6.44 6.04 6.23 6.22 7.07 7.02
MnO 0.20 0.12 0.13 0.13 0.15 0.13 0.14 0.20 0.18 0.15
CaO 12.49 12.80 12.86 12.83 12.72 12.75 12.74 12.91 12.53 12.53
Na20 3.07 2.74 2.91 2.83 2.88 2.71 2.79 2.87 2.71 2.76
K20 0.07 0.07 0.09 0.08 0.09 0.08 0.08 0.11 0.07 0.09
Total 100.22 100.73 100.74 100.73 100.55 100.78 100.64 100.88 100.24 100.48
Mg/Fe* 0.70 0.84 0.77 0.80 0.77 0.73 0.75 0.77 0.82 0.81
Mg' 0.58 0.62 0.68 0.61 0.61 0.59 0.60 0.60 0.62 0.62
Mol. Mg/Mg+Fe+2
** Indicates analyses are different inclusions from a single crystal.
Inclusions in Olivine
Appendix III. AII-93-15-3
oxide
SiO
2
TiO
2
Al203
FeO*
MgO
MnO
CaO
Na2 0
K20
Total
Mg/Fe*
Mg'
Mol. M
av.
52.05
1.17
16.40
8.44
6.77
0.17
12.65
2.78
0.09
100.50
0.80
0.61
g/Mg+Fe+2
**Indicates analyses are different
51.40
1.16
16.58
8.49
6.66
0.18
12.89
2.78
0.09
100.22
0.78
0.61
50.56
1.13
16.16
8.38
7.22
0.13
12.46
2.73
0.07
98.83
0.86
0.63
51.68
1.18
16.17
8.78
7.27
0.17
12.50
2.61
0.09
100.44
0.83
0.62
av.
51.21
1.15
16.30
8.55
7.05
0.16
12.61
2.71
0.08
99.81
0.82
0.62
51.48
1.08
16.56
8.19
8.64
0.13
11.61
2.97
0.09
100.75
1.05
0.68
51.77
1.22
16.54
8.51
6.28
0.17
13.05
2.86
0.07
100.46
0.74
0.59
51.81
1.18
16.42
8.44
6.18
0.16
13.14
2.70
0.09
100.11
0.73
0.59
av.
51.69
1.16
16.50
8.38
7.04
0.16
12.60
2.85
0.08
100.45
0.84
0.62
Inclusions in Olivine
inclusions from a single crystal.
APPENDIX 4
Methods for Equilibrium Calculations 
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The method of Leeman and Sheidegger (1977) for deter-
mining olivine-liquid equilibrium, involves determining
the apparent distribution coefficients of several elements
and using these to calculate olivine crystallization tempera-
tures. The degree of concordancy of these temperatures is
then used to evaluate whether there is equilibrium or not
between the olivine and associated glass. Leeman and Schei-
degger used five elements in their comparisons, but there
were only three elements measured that were common to both
glass and olivine analyses for this study, so the results
from these calculations may not be as well founded as they
would be if there were more values for comparison. The
equations used and tables showing the calculated olivine
crystallization temperatures for Stations 12 and 15, and for
the primitive liquid calculated for Station 12, follow.
Dapparent - conc. x in olivine
x conc. x in glass
Tquench n D-B , where A and B are constants
as follows:
l/*K vs. A B
ln DMg 8916 + 477 -4.29 + 0.30
ln DFe+ 2  9016 + 425 -5.46 + 0.27
ln D 12184 + 426 -7.96 + 0.29p~n
-153-
from Leeman and Scheidegger (1977) Table A-i: Least Squares
Linear Regression Coefficients for ln D vs, l/T.
If the total range of all the calculated olivine quench
temperatures is less than 1000, then they are considered
concordant and the olivine is in equilibrium with the associ-
ated glass (see Table 11).
Plagioclase-melt equilibria were determined using the
method of Drake (1976), which uses the melt composition and
melt temperature to determine the equilibrium plagioclase
composition. Temperatures used were calculated by the Leeman
and Scheidegger method (1977) described above, and applied
in the following equation:
Xab = XNaAlO 2() X SiO 2(-) exp(6100/T*K-2.29), where
X is the concentration of the component in the melt.
TABLE 11
Station 15 Station 15
Primitive Liquid
Matrix vs. Fo88.4 Matrix vs. Fe85.4t vs. Fo88.4 Matrix vs. Fo88.2
6.60
1.27
1.11
T Mg (*K)quench
Fe+2T F2( 0 K)quench
TMn (*K)quench
Tquench range
Average Tquench(*K)
1443.20
1582.5*
1510. 70
139.30
n.a.
6.29
1.60
1.44
1454.80
1520.60
1463.10
65.80
1479.50
4.85
1.57
1.25
1519.30
1525.30
1488.90
36.40
1511.20
** Fe+2 calculated assuming Fe 2 03 /FeO* = 0.1 where FeO* = total iron
t Fo85.4 is the average composition of the single olivine and rims,
from both samples 12-7 and 12-16, of lower forsteritic content.
DMg 6.07
1.38
1.31
1463.40
1559.10
1480.10
95.70
1500.80
